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ABSTRACT
IMPLEMENTATION AND INITIAL VALIDATION OF A COMPUTER-BASED
SYSTEM FOR THE ASSESSMENT OF READING COMPETENCIES
SEPTEMBER 1989
GALE MARIE SINATRA, B.S., UNIVERSITY OF MASSACHUSETTS
M.S., UNIVERSITY OF MASSACHUSETTS
Ph. D.
,
UNIVERSITY OF MASSACHUSETTS
Directed by: Professor James Michael Royer
The purpose of the present study was to investigate
the viability of a computer-based assessment system, called
the System for the Assessment of Reading Competencies, to
aid in the description and diagnosis of reading
difficulties. The practical need for such a system, the
theoretical bases that serve as its foundation, and the
evidence for the system's validity are presented.
Currently, there is little relation among diagnosis,
assessment, remediation, and instruction in reading. The
lack of integration of these areas and the need for
assessment instruments that provide sufficient information
for diagnosis and remediation led to this system's
development.
The present study involved the implementation and
initial validation of the system. The system is a
computer-based, componential , reading assessment instrument
that is based on an information processing model of
reading.
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One hundred-and-twelve second, third, fourth, and
fifth grade students were administered Sentence
Verification Technique (SVT) Tests of listening and reading
comprehension in addition to several computer tasks. These
tasks included a response time measure, letter matching,
word naming, pseudoword naming, category matching,
syntactic analysis, and sentence comprehension. Both
response times and response accuracies were collected on
each task.
The results were analyzed to examine the reliability
and validity of the assessment system. The results showed
that the assessment battery was reliable. Further, the
results showed that the system successfully discriminated
between students in different grade levels and between
students of differing abilities within the same grade. The
results showed a developmental trend such that the largest
differences between ability groups were on the lower level
tasks for second graders and on the higher level tasks for
third and fourth graders.
It was concluded that the evidence supports the
reliability and validity of the system as a measure of
reading ability, and further that the system has potential
as a diagnostic instrument. It was also concluded that
measures of response time may discriminate between ability
groups even when measures of response accuracy do not. The
development of a remedial component to the assessment
system is discussed as a direction for future research.
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CHAPTER I
INTRODUCTION
One problem in research on reading that is drawing
increasing attention is the lack of relationship among
theories of reading, diagnostic assessment, and reading
instruction and remediation. Rather than theories of
reading informing the development of diagnostic instruments
and instructional techniques, which then suggest remedial
approaches; it is generally the case that research in each
of these areas is conducted independent of the others.
Dissatisfaction with this compartmentalized approach has
led to a call for the development of theory-based
assessment instruments that will have practical
implications for diagnosis and remediation (e.g. Glaser,
1981; Sternberg, 1981; Schwartz, 1980; Linn, 1986; Glass,
1986) . Before considering the viability of such an
integrated approach, an examination of the current state of
diagnostic reading assessment and remediation, and a review
of a theory of reading are necessary.
Diagnostic Assessment of Reading
Reading is a complex process and the difficulties
inherent in diagnosing reading problems reflect that
complexity. Generally, when a child is having difficulty
reading, the first step is to determine if there are any
physical disabilities such as visual or auditory
deficiencies, or neurological disorders. After ruling out
these potential causes; emotional, social, and
1
environmental factors must be examined. if these factors
do not appear to be the problem, typically the next step is
to administer some type of assessment of general
intelligence.
A child is not considered reading disabled if he or
she is found to be low in general intellectual functioning;
rather, a child is considered reading disabled if there is
a discrepancy between his or her expected reading
capability and his or her actual reading performance
(Bejar, 1984; Bond, Tinker, Wasson, & Wasson, 1984).
The difficulty in adopting this view of reading
disability, called the "deficit measurement" approach by
Bejar (1984), is the determination of a child's "expected"
performance. In a review of approaches to educational
diagnosis, Bejar notes that determining expected
performance is the challenge of the deficit measurement
approach to diagnosis. The deficit measurement approach,
which is borrowed from a medical model of diagnosis, claims
a learning disability exists when there is a discrepancy
between actual and expected performance that is not due to
environmental factors or general mental retardation. Bejar
points out, however, that there are some problems with
adopting a model from the field of medical diagnosis where
discrepancies between actual and expected state are much
clearer than in education, and where measurement
instruments are not subject to the variation inherent in
educational measurement instruments. If the deficit
2
measurement approach to educational assessment is to be of
value, a method for determining what should be expected for
task performance must be developed.
One description of what might be "expected"
performance that has received some acceptance in education
is Vygotsky's idea of a "zone of proximal development"
which is defined as the difference between performance on a
standardized test unaided and the same performance when
assisted (Vygotsky, 1978 as cited in Bejar, 1984). However
expected performance is determined, the key that
distinguishes the deficit approach to diagnosis is that the
student serves as his or her own reference point. This is
to be contrasted with assessment using standardized
criterion- or norm-referenced tests where student
performance is compared to a set standard or to the
performance of a norm group.
Another major approach to diagnostic assessment
described by Bejar (1984) is error analysis. Error analysis
has a long tradition in the diagnosis of reading
difficulties through the examination of oral reading error
patterns. The basic premise of this approach is that the
pattern of errors a child makes when reading aloud provides
insight into the nature of the child's reading problem. A
criticism of this approach leveled by Travers (1980 as
cited in Bejar, 1984) is that these systems of
classification of errors provide more of a taxonomy of
errors than an explanation of reading difficulties.
3
Diagnostic Test-.s
Both the deficit measurement and the error analysis
approaches rely at some point on diagnostic tests. Three
types of tests are generally used in diagnosing reading
difficulties, standardized reading tests, formal
diagnostic reading tests, and informal reading inventories.
Standardized reading tests are those tests that score
readers through comparison to norms of performance or
predetermined criterion scores. Standardized reading tests
are generally not developed to be diagnostic instruments,
but they are often used in that capacity. Formal
diagnostic reading tests are developed with the goal of
diagnosis in mind. These are commercially available tests
that usually provide comparative norms of performance.
Informal reading inventories are typically teacher-made
tests (although there are some that are commercially
available) that are used by teachers to make "rough and
ready" diagnoses.
Standardized Reading Tests . Performance on
standardized tests of reading ability is often used as an
indication of reading difficulty. One of the major
problems with the use of standardized reading tests for the
purposes of diagnosis is that since their inception,
standardized reading tests have been as much measures of
intelligence and reasoning as they are measures of reading
(Johnston, 1984) . Standardized reading tests tend to be
group—administered silent reading tests. Examples of this
4
type of test include the Gates-MacGinitie Reading Tests
(Gates & MacGinitie, 1972), the Nelson-Denny Reading Test
(Nelson & Denny, 1960)
,
and the Reading Survey Test of the
Metropolitan Achievement Test. In group administered tests
such as these, the reading passage is usually available to
readers while they are answering questions. The process of
finding the answer under these conditions could be
considered more a test of matching ability than
comprehension ability. Johnston has questioned the use of
the term "comprehension ' 1 under conditions of availability
of the passages as this is clearly testing something
different than the retrieval of information from memory.
He defines comprehension as the process of constructing a
model of the presumed intended meaning of the text (1984,
p. 154).
A further problem with standardized reading tests is
that the nature of the test questions is such that they can
often be answered correctly without reading the text
(Anderson & Dearborn, 1952 as cited in Johnston, 1984).
Generally, this is possible because the questions tend to
rely heavily on readers' prior knowledge. Johnston notes
that a problem that has arisen in an effort to avoid
questions that can be answered without the text, is that
questions ask about trivial, noncentral points in the
passage. The problem with these types of questions is that
the nature of the comprehension process is such that the
reader builds a memory representation that is the gist of
5
the central elements in a text not an exact verbatim
representation of trivial points (Sachs, 1974 ).
These points highlight some of the difficulties with
using standardized reading tests for the purposes of
diagnosing reading difficulties. To the extent that these
tests measure factors other than reading abilities such as
intelligence, reasoning, and prior knowledge they are less
informative as diagnostic instruments.
Formal Diagnostic Reading Tests
. Many of the formal
diagnostic tests available today are revisions and updates
of tests that were developed in the 1960's and 1970 's when
analysis of oral reading patterns was the most popular
method of diagnosing reading difficulties. Many tests
developed more recently also rely on analysis of oral
reading error patterns as one of the main sources of
insight into reading difficulties.
Examples of formal tests of oral reading ability
include the Gilmore Oral Reading Test (Gilmore & Gilmore,
1965) and the Gray Oral Reading Test (Gray & Robinson,
1967) . This type of test typically involves having the
child read aloud some number of passages of varying
difficulty. Testing stops when the child makes a
predetermined number of errors on a passage. Oral word
errors such as omissions, insertions, substitutions,
repetitions, or reversals of word order are recorded. An
interpretation of the error pattern is provided in the test
manual and a reading grade level is determined from the
6
separate scores
test results. Often these tests include
for accuracy, comprehension, and rate of oral reading.
Other more comprehensive diagnostic tests based on
oral reading errors include the Durrel Analysis of Reading
Difficulties (Durrel, 1955) and the Spache Diagnostic
Reading Scales (Spache, 1972)
. These tests include other
measures such as word recognition, phonics skills, and
listening and reading comprehension, in addition to oral
reading skills. Probably the most extensive of these tests
is the Gates-McKillop-Horowitz Reading Diagnostics Tests
(Gates, McKillop
,
& Horowitz, 1981). This test contains a
number of subtests including oral reading of passages, oral
reading of sentences, word recognition, word attack skills
(such as syllabification and blending)
,
phonics, letter
sound naming, letter naming, recognizing vowels, spelling,
and writing. This extensive battery allows for more
specific remedial suggestions than most other formal
diagnostic tests.
Formal diagnostic reading tests suffer from many of
the same problems as standardized reading tests. One
difficulty with diagnosis based on standardized and formal
reading instruments is the type of information they
provide. Although they vary somewhat in the amount of
information they yield, most recommend an instructional
level or reading grade level. The conclusion that a fifth
grade child's reading grade level is 3.5 provides very
little useful information for the development of a specific
7
plan for remediation. Some tests provide suggestions for
remediation, but they do not provide the thorough
description of the underlying difficulty that is necessary
in order to develop specific remedial interventions.
Informal Reading Inventories
. in addition to
standardized reading tests and diagnostic reading tests,
informal reading inventories are often used by classroom
teachers in making informal diagnoses. Informal reading
inventories are commercially available but more often are
teacher-made tests that generally involve analysis of oral
reading errors in addition to observations about the
child's attitudes and behavior, and descriptions of any
possible environmental, physical, emotional, or social
problems
.
Informal inventories are widely used, but have some
serious limitations. Teachers generally select the reading
materials themselves and different materials may be used
for different children; resulting is somewhat arbitrary
placement levels. Informal inventories are often used in
conjunction with formal diagnostic reading tests or as
indications of whether formal tests need to be
administered. Teachers often find them useful as a
practical first step in diagnosing reading problems.
Diagnosis and Remediation
The administration of a diagnostic test may reveal
that a child is not reading as well and he or should be and
that remediation is in order. The problem is, what type of
8
remediation? It is often not clear from the results of a
diagnostic test what form remediation should take. it
appears that remedial approaches are selected based on what
approach is favored by the school system, the remedial
teacher, or the reading specialist. Typically, the
decision of what type of remedial approach should be taken
is often made independent of the particular diagnostic
instrument that was administered. One reason for this lack
of relationship between diagnostic testing and remediation
is that most diagnostic instruments do not provide
sufficient descriptions of the child's reading problem to
suggest specific remedial interventions.
Spache (1976) outlined several types of remedial
approaches. Although these approaches are not recent, they
have been utilized in education for some time and continue
to influence approaches to remediation today.
The first approach, the psychological or counseling
approach, considers the emotional and social adjustment of
the reading disabled child. The assumption is that
maladjustment is interfering with the child's academic
success. This approach assumes that whatever the child's
reading problem, it cannot be dealt with effectively if
some type of counseling is not included in the remedial
program. The counseling centers on treating the
maladjustment so that it no longer interferes with the
child's academic progress.
9
The perceptual deficit approach assumes the reading
problem is due to a visual, auditory, or visual-motor
perceptual deficit. Remediation centers on training
components of visual perception such as visual span,
figure/ground discrimination, and hand-eye coordination.
The idea is that the specific perceptual deficit is the
cause for the reading deficit and correcting the perceptual
problem will correct the reading problem. One rather
extremist perceptual deficit group holds that the visual
channel is the problem and endorses a kinesthetic approach
that involves tracing words on a child's back.
Some approaches look to manipulate the environment
rather than some characteristic of the child. An example
is the organizational approach which looks at alternative
learning situations for reading instruction. This involves
restructuring the learning groups until an arrangement can
be found that proves more effective for the child. Often
this approach will include some form of peer tutoring. The
idea is to find the arrangement that fosters success for
the child.
The language deficit approach assumes that limited
language experience has led to reading failure. This
possibility is usually considered for socioeconomically
deprived children or minority children. Remediation
involves augmenting language experience with extensive
language practice. This approach provides the rational for
10
preschool language experience through programs such as Head
Start.
One remedial approach that illustrates a
misapplication of reading research findings to educational
practice is the mechanistic strategy. This approach
assumes reading difficulties are due to faulty eye
movements and involves training that purports to increase
the eye span, increase reading rates, reduce regressions,
reduce the number of fixations, and suppress
subvocal i zation
.
The one approach to remediation that attempts to
utilize diagnostic information is the skills deficit
approach. Diagnostic information in the form of analyses
of oral reading error patterns are used to form the basis
for a remedial plan. This approach assumes that separate
reading skills are identifiable and trainable. It also is
based on the assumption that oral reading errors reflect
the processes involved in silent reading. As the unit of
analysis in the diagnostic assessment of oral reading
errors is generally the word, the emphasis in remediation
under this approach tends to center on training in phonic
skills and word recognition skills sometimes to the
exclusion of other skills such as comprehension.
Any one of these approaches to remediation could be
adopted after diagnosing a reading problem, but other than
the skills deficit approach, none of them are suggested by
specific diagnostic inventories. Further, without an
11
understanding of the causes of a reading problem, it is
difficult to examine the relative effectiveness of any of
these remedial approaches.
Diagnosis and Instruction
As noted above, one problem with current diagnostic
instruments is that they provide insufficient information
for the development of specific teaching interventions.
Further, little has been done to develop instructional
strategies that are based on reading theory or related to a
diagnostic approach.
Although there are a vast number of beginning reading
programs, most approaches can be classified as falling
under two general families of instructional strategies that
were noted by Chall (1983) . These two approaches, meaning-
emphasis and code-emphasis, differ in the timing and
emphasis of instruction of grapheme-phoneme correspondence
rules. The code-emphasis approach teaches phonological
code early in reading and with greater emphasis than the
meaning-emphasis approach. The meaning-emphasis approach
concentrates on building a child's sight vocabulary early
on and later, if at all, introduces phonetic rules. Most
reading programs today are described as eclectic because
they are a blend of these two approaches, although with an
emphasis toward one approach that makes the distinction
still useful.
An important point about reading instruction is that
most children who are instructed with one of these two
12
approaches do learn to read. The problem is that some
children have difficulty. For example, Beck (1981)
explains how success in a meaning-emphasis approach to
instruction requires that the child have rather
sophisticated phonemic analysis skills to deduce letter-
sound correspondence rules. Children who do not have these
skills are likely to have difficulty in a meaning—emphasis
program. It is for this reason that many researchers
recommend a code-emphasis approach although most current
basal reading series would be considered to be
characteristically meaning-emphasis.
Beck (1981) further illustrates a conflict between
methods of reading instruction and the needs of children
having reading difficulties. Two potential areas of
reading difficulty for beginning reading are decoding and
comprehension. However, instructional prescriptions for
these two potential problems conflict. Decoding problems
require conceptually easy material and comprehension
problems (those resulting from lack of prior knowledge)
require content information to build knowledge frameworks.
Current instructional practices are not designed to meet
these conflicting goals. This point serves to highlight
the lack of integration of diagnosis, instruction, and
remediation.
An Integrative Approach to Diagnosis and Remediation
As noted above, the two major approaches to diagnostic
assessment are deficit measurement and error analysis.
13
Whereas deficit measurement compares student's actual
performance to their expected performance, error analysis
focuses on the content of items which students miss. Many
researchers are calling for an integrative approach to
diagnostic assessment that would base assessment
instruments on a theory of performance, particularly a
cognitive theory of knowledge representation and cognitive
processing (Schwartz, 1980; Glaser, 1981; Bejar, 1984).
Schwartz (1980) has argued that an assessment
instrument must be based on a theory of reading to provide
the type of information needed for remediation and
instruction. He notes that research in the areas of
individual differences in learning styles, responses to
instructional techniques, and component processes in
cognition has flourished, but that the technology of
reading assessment has failed to utilize this wealth of
knowledge. Assessment instruments remain, for the most
part, atheorectical devices.
Glaser (1981) has noted that the whole emphasis in
educational assessment is changing. The emphasis in the
past has been on selection; using tests to identify those
students who would succeed in the current educational
environment. Testing and instruction were two quite
separate enterprises. More recently, there has been an
evolving interest in using assessment to help those
students who are not succeeding; by analyzing the nature of
14
their difficulties and utilizing test results to guide
instructional practice.
Bejar (1984) argues that the cognitive approach to
assessment goes beyond deficit assessment and error
analysis by attributing errors to specific causes. The
cognitive approach provides a means of representing the
student's knowledge and a way of representing the test
content with greater specificity through task analyses of
component subskills.
Bejar argues that the computer is an essential part of
an integrative approach to assessment. Through the use of
a computer and sophisticated psychometric models such as
item response theory (Hambleton & Swaminathan, 1985)
,
the
difficulty of a test can be adapted for each student, thus
providing the most information about a student's
performance. In addition to adaptive testing, computer-
implemented intelligent tutoring systems meet the goal of
integrating assessment and instruction by making assessment
and instruction components in a interactive tutoring loop.
Another reason for the utilization of computers in a
theory-based approach to assessment is that the type of
information to be collected is obtained much more
efficiently with a computer. In addition to collecting
information regarding the number of errors student makes,
it is apparent that if a cognitive approach is to be
effective, the collection of response times will be an
essential aspect of this approach.
15
A Theory of Reading
In order to consider the implications of a theory of
reading for the diagnostic assessment of reading ability,
it is necessary to examine a theory-based view of reading
with the goal of deducing a conception of the reading
process that will prove useful in building an assessment
instrument
.
An Information Processing View of Reading
Information-processing models of reading are similar
to general information-processing models. They recognize
the usefulness of distinguishing various memory stores,
such as sensory store, short-term memory store, and long-
term memory store. The most common perception of reading
is that processing occurs in a series of stages. This
levels of processing view depicts the linguistic material
as passing through a series of processing stages from low
level processes involved in the analysis of visual
properties of letters and words to high level processes
such as comprehension. Each of these stages of processing
represents a component process in the cognitive course of
reading. The notion that reading consists of a
hierarchically organized set of component processes is
fairly well accepted by many researchers of reading, but
the question of just what those component processes are is
much less clear.
Component Processes of Reading . Most theorists of
reading break the reading process into a hierarchy of
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component processes (e.g. Gough, 1972; LaBerge & Samuels,
1974, Rumelhart
, 1977, Just & Carpenter 1980; Stanovich,
1980; Royer, 1985). Models of reading differ in the number
and specificity of these components, and in the level of
the processing continuum described by the model. For
example, reading can be divided into a few components such
as word recognition, access of semantic information,
sentence processing, and discourse analysis (Glaser,
Lesgold, & Lajoie, 1987) . Or the number of component
processes can be greatly increased by breaking up a process
such as decoding into micro-components such as encoding
individual graphemes, encoding multigraphemic units, and
applying letter-sound correspondence rules (Frederiksen,
1980) . And while some researchers concentrate their
analysis of the component processes of reading at the lower
levels of processing such as word identification (i.e.
Frederiksen, 1980) other researchers such as Kintsch (1979)
and van Dijk and Kintsch (1983) look only at higher level
comprehension processes. They examine processes such as
inferencing, and the use of strategies and goals in
comprehension.
Despite differences among models, many models include
some of the same processes. Most models make a distinction
between lower and higher level processes; the former are
processes that occur prior to the assignment of meaning to
a stimulus, and the latter occur after a meaningful
representation of a stimulus has been activated.
17
Amalgamating across several models of the reading process,
the types of lower level processes that are considered of
some import in the reading process are feature extraction,
pattern recognition, letter identification, activation of
orthographic information (i.e. spelling patterns), word
identification, and memory for word order. Higher level
processes include lexical access (accessing the meaning of
a word from LTM either through phonological recoding or
directly from print to the stored meaning representation)
,
concept activation, syntactic analysis, propositional
encoding, sentence comprehension, intersentence
integration, activation of prior knowledge or schemata,
evocation of strategies, and metacognitive processes.
While this list certainly does not exhaust the processes
involved in reading, it does highlight the types of
processes that have received considerable attention in many
models of the reading process.
The Relationship between the Processing Levels . A key
distinction between reading models is their
conceptualization of the interaction between the levels of
processing. There are at least three ways of conceiving
the relationship of the levels of processing. They could be
completely interactive (processing at any level affects
processing at all other levels) , completely modular
(processing occurs in separate modules that act
independently and do not interact) or somewhat interactive
18
(some levels of processing can affect other levels of
processing under certain circumstances)
.
Most models assume a somewhat interactive position;
that is, they allow for the interaction of certain levels
of processing under certain circumstances. But these
models differ in their conceptualization of the nature of
that interaction. For example, some models are more "top-
down" meaning they emphasize the influence of higher level
processes on lower level processes; while other models are
more "bottom-up" in that they argue that processing at
lower levels is completed before processing at higher
levels can take place.
Goodman (1976) exemplified a top-down, interactive
model when he dubbed the reading process a
"psycholinguistic guessing game" to emphasize the effect of
higher level information (such as syntactic and semantic
knowledge) on lower level processes such as word
recognition. The Gough (1972) model emphasizes a bottom-
up, liner, non-interactive view of the reading process
which depicts reading as a processing task carried out
letter by letter with no help from higher order processes.
Rumelhart's (1977) model depicts the reading process as
completely interactive such that information from
syntactic, semantic, lexical, and orthographic sources
converge to influence word recognition.
Some models specify the conditions under which higher
level processes can influence lower level processes. For
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example, Stanovich (1980) calls his model an "interactive-
compensatory" model because a processing deficit at one
level of processing may be compensated for through
interaction with another level of processing.
The Notion of Automaticitv
. A concept that plays an
important role in many models of reading is that of
automaticity
. Most models recognize that the human
information processing system is limited in attentional
capacity. The assumption is that in order for a complex
task such as reading to be accomplished in a limited
capacity system, some skills must be automated. That is,
some skills must be accomplished without requiring
attentional capacity. Automated processes are those that
are carried out without conscious awareness and without
utilizing processing resources. It is only with the
freeing up of attentional capacity through automatization
that the processing load on attention will be within
acceptable limits; thus allowing for the successful
completion of the reading task (LaBerge & Samuels, 1974)
.
Many reading researchers argue that a failure to
develop automatization of lower level component skills in
reading may be the cause of reading comprehension problems
(LaBerge & Samuels, 1974; Curtis, 1980; Stanovich, 1980;
Perfetti, 1985)
.
Curtis (1980) hypothesized that less-skilled readers
lacked the attention required for comprehension due to
nonautomated lower level processes. She presented skilled
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and less-skilled readers with letters, words, and
pseudowords and measured vocalization latencies. The
results indicated that less-skilled readers were slower
than skilled readers on these measures and that their rate
of processing was more strongly related to reading
achievement. Curtis concluded that her results support the
notion that less—skilled readers may have nonautomated
lower level processing skills that require attentional
capacity needed for higher level processing.
The notion of automaticity provides the justification
for collecting measures of response times to component
reading skills rather than just accuracy measures.
Differences in accuracy may not reflect differences between
readers, while differences in response times may reflect
differences in the degree of automatization of a component
skill
.
Working Memory Capacity . Another important concept in
many reading theories is the role of working memory
capacity. The term working memory is used rather than
short term store to reflect processing that occurs at short
intervals rather than just storage of information. Reading
researchers such as Just and Carpenter (1980), Daneman and
Carpenter (1980), and Kintsch (1979) claim that working
memory capacity is strongly related to individual
differences in reading comprehension performance. The
assumption is that readers with greater STM capacity can
integrate more elements of text at a given time. While
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working memory capacity is not a level of processing, it is
an individual difference parameter of processing that is
considered to play an important role in reading.
Measuring Component Reading Processes
The integration of an information processing theory of
reading and reading diagnosis rests on the assumption that
the component processes of reading can be measured, in
fact, standardized reading tests have reflected this
assumption for decades by including subtests of vocabulary
and reading comprehension on reading tests. The
measurement of component processes of reading from an
information processing perspective, however, takes a
different form.
In general, cognitive tasks used to assess component
processes in reading are typical of most general cognitive
processing tasks. Assessment generally involves the
measurement of time to complete a task as well as accuracy
of performance. The assumption is that if a task imposes a
cognitive load on the processing system this will be
reflected in time to complete the task. In the examination
of reading ability, it is further assumed that individual
differences in reading ability are revealed by examining
differences in time to complete tasks that reflect the
component skills of reading.
The nature of the tasks vary considerably. For
example, subjects might be asked to search for a target in
an array, decide whether two stimuli are the same or
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different, pronounce a word or nonword, or classify words
according to some criteria.
There is much debate in the literature as to the
efficacy of decision tasks versus naming tasks. Perfetti
(1985) reported that tasks involving the production of a
name produce the largest and most reliable differences
between ability groups. Visual matching tasks, which
reguire a match based on a visual code and then a manual
response, produce smaller and less reliable differences
than naming tasks. Tasks such as lexical decision which
require a decision to be made and then a manual response
also produce smaller and less reliable differences than
naming tasks.
The following review of tasks frequently used to
access component processes in reading is ordered according
to the level of processing the task aims to tap to
emphasize the hierarchical conception of the reading
process from an information processing perspective.
Letter Tasks . Measures of letter processing include
such tasks as visual matching, auditory-visual match,
visual search for a target, and naming. Visual matching
usually involves presenting the stimulus and then
presenting a few choice stimuli. The subject must choose
the target stimulus from the choice set by pressing a
button or circling a response. In an auditory-visual match
task the target stimulus is presented auditorily before the
visual presentation of the choice stimuli. In a visual
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search or visual scanning task, the subject underlines or
circles a target letter or letters every time it (or they)
appear in a set of letters.
One letter task that is frequently used to estimate
speed of access to long term memory is the Posner letter
match task (Posner, Boises, Eichelman, & Tayler, 1969)
.
The task is a same-different matching task in which
subjects are shown two letters which may differ in either
just physical shape (A and a)
,
or in both shape and name (A
and b) . In the physical identity condition, the task is to
identify the two letters as "same" when they are
physically identical (AA or aa) . In the name identity
condition, the task is to identify the two letters as
"same" when they share the same name (AA or Aa) . Subjects
are faster to respond to physical identity trials than name
identity trials. The difference between the two response
times (about 70 msec, for college-age adults according to
Hunt, Lunneborg, and Lewis, 1975) is taken as an estimate
of the time to retrieve a letter name from long term
memory
.
Letter String Tasks . The ability to identify letter
strings such as orthographically regular bigrams, CVC
trigrams, or syllables are often measured with matching and
naming tasks as described above.
One of the most commonly measured subskills of reading
is decoding. Perfetti defines decoding as the
"transformation of a string of letters into a phonetic
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as well as
code" (1985, p.90). This means that nonwords
words are potentially decodable. Vocalization latency to a
string of letters is a commonly used measure of decoding.
Increasing the complexity of the orthographic string
increases the processing difficulty of the task and this
can be used to further discriminate levels of decoding
skill. Perfetti cautions, however, that pronunciation
should not be mistaken for the process of decoding, it is
merely a measure of decoding.
Word Tasks . Many types of tasks have been used to
measure word identification or word recognition or what is
also sometimes referred to as lexical access. These terms
can have different meanings. Generally, word
identification or word recognition refers to the process of
recognizing a set of letters as a particular word.
Perfetti (1985) notes that lexical access has been used to
refer to the process of recognizing that a set of letters
is a word (rather than a nonword) . He defines both terms
as the process of finding a written word in long-term
memory
.
Speed of access to word codes in long-term memory is
often measured with a task similar to the Posner letter
match task. Two words are compared for physical or name
identity. The physical match task is taken as a measure of
word encoding, while the name match condition is taken as a
measure of lexical access (Chabot, Petros, & McCord, 1983)
.
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measure word
One of the most commonly used tasks to
identification or lexical access is a lexical decision
task. Subjects are presented with a word or nonword and
their task is simply to respond "yes" if the stimulus is a
word and "no" if it is not. The nature of this task can
vary considerably with the type of stimuli used. For
example, the task can be made more difficult by including
pronounceable nonwords (pseudowords) that sound like real
words in the negative condition.
One measure that is taken as an indication of the
automaticity of word processing is the Stroop task ( 1935 ).
Words are presented in colored ink and the task is to name
the color of the ink, not the word. This proves to be a
somewhat difficult task if word identification is automated
because accessing the word name interferes with naming the
color.
Tasks such as time to name a word and visual search
for a word are considered measures of word processing.
Other measures such as oral reading rates are also used to
measure word processing. All these tasks assess word
identification, but it is not clear if any of them involve
the process of accessing a word's meaning from memory.
A task that does purport to measure semantic memory
access is a semantic categorization task. Subjects are
asked whether two words belong to the same category, or
whether a particular word belongs to a particular category.
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The idea is that subjects must access word meanings to
successfully categorize a word.
Sentence Tasks
. Sentence level tasks are designed to
measure either syntactic or semantic processing or often
both syntactic and semantic processing. Tests of syntactic
processes include comparison of scanning times for a target
in a grammatical versus an ungrammatical sentence,
selecting the next word in a sentence from a choice of
words that differ in syntactic class, or speed of detecting
ungrammatical ity.
One measure of sensitivity to syntactic and semantic
structure allows an examination of the extent to which
syntactic and semantic information facilitate recall. In
this task, subjects are presented meaningful sentences,
syntactically correct but semantically anomalous sentences,
and random word lists. Frasure and Entwisle (1973) used
this task to examine the development of syntactic and
semantic knowledge in children and found greater recall for
the meaningful sentences than the anomalous sentences, and
greater recall of the anomalous sentences compared to the
random lists. The pattern of results showed increased
sensitivity to syntax and semantics with increased age.
Another approach that has been used to assess
syntactic processing is presenting subjects with sentences
that differ in syntactic predictability (Graesser, Hoffman,
& Clark, 1980) and measuring reading time. Syntactic
predictability is a measure of the proportion of words in a
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sentence that are of the syntactic class that is expected
(for example, readers expect a noun to follow a
determiner)
. These tasks are all aimed at discovering the
reader's ability to use knowledge of syntactic structure in
sentence processing.
Measure of semantic processing or sentence
comprehension are aimed at revealing the reader's ability
to form a meaningful representation of a sentence. One
such task is the Clark and Chase (1972) picture/sentence
verification task. In this task, subjects read a simple
statement about a picture and then must decide if the
statement is true of the picture. For example, subjects
might read a statement such as "Cross is above star" and
then see a picture such as ( * ) . Statements vary in
their veracity and complexity. They may be simple
declarative statements which either describe the picture or
do not, or they may be negative statements such as "Cross
is not above star" which may describe the picture or not.
The difficulty of the task varies with the complexity of
the statement (negative statements take longer to verify)
.
The processing task is viewed as one that requires the
subject to convert both the statement and the picture into
an internal representation and then compare the two.
Another measure of sentence comprehension is the cloze
task (Bickley, Elligton, & Bickley, 1970) . In this task,
subjects are asked to supply words that are missing from a
sentence or select the missing word from a number of
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alternative. Doehring and Hoshko (1977) used a version of
the cloze task in which speed to name the missing word was
the dependent measure of sentence comprehension.
Other types of tasks include judgments of sentences as
sensible or nonsense, reading sentences that vary in
sensibility or complexity, and the production of sensible
continuations to sentences.
Text Comprehension Tasks . An example of a test of
reading comprehension that is based on a theory of the
reading process is the Sentence Verification Technique
(SVT) (Royer, Hastings, & Hook, 1979). Subjects read a
passage and then, without returning to the text, judge
whether each of a set of test sentences has the same or a
different meaning from any of the passage sentences. Test
sentences vary in their surface structure and/or meaning.
The theoretical rational for the technique is that subjects
who have not formed a representation of the meaning of the
text would be unable to correctly classify test sentences.
Considerable research has shown the technique to be a
reliable and valid measure of reading comprehension (Royer,
1986)
.
Tests of Working Memory Capacity . Working memory
capacity is considered an important individual difference
parameter in reading ability. One estimate of working
memory capacity is the digit span task. Subjects are
presented auditorily with a short list of digits and are
then asked to recall the list. The length of the list is
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then increased by one digit until the subject is unable to
demonstrate perfect recall. The number of digits correctly
recalled is taken as the parameter. While this task may be
an estimate of working memory capacity Perfetti and Lesgold
(1977) demonstrated that skilled and less-skilled readers
show no differences in capacity in a probe digit task, it
may be that this task is not sufficiently similar to the
reading process to reveal individual differences.
An example of a working memory capacity task that is
more similar to the actual reading process is Daneman and
Carpenter's (1980) reading span task. Subjects must read a
series of unrelated sentences aloud. The sentences are not
simple statements, as in the picture-sentence verification
task, rather they are sentences a reader might encounter in
reading normal text. Subjects are then asked to recall the
last word from each of the sentences. A subject's reading
span is the number of final words that can be recalled
without error. Daneman and Carpenter (1980) have shown
that the reading span test does correlate with standardized
tests of reading comprehension, and therefore may be a
better measure of individual differences in working memory
capacity skills as they are related to reading.
The Relation of Component Process Tasks and Reading Ability
The relationship between component processes and
reading ability has been investigated extensively with
adults. Jackson and McClelland (1979) examined the
relationship between speed of encoding visual information
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and reading ability. They presented subjects with the
Posner letter match task and two similar tasks using words.
Both word tasks were same/different matching tasks, in
one, subjects were asked to respond "same" if the two words
were synonyms, and in the other, subjects were asked to
respond "same" if the two words were homonyms. These tasks
were designed to reflect processes involved in accessing
visual letter codes, letter name codes, semantic word
codes, and acoustic word codes.
These measures were then related to readers'
"effective reading speed" which is a measure that combines
standardized reading comprehension test scores with reading
speed. This index is designed to measure the efficiency
with which a reader can achieve understanding.
The results showed that a large proportion of the
variance in effective reading speed was accounted for by
general language comprehension as indexed by a listening
comprehension test. The results also showed that speed of
access to letter names accounted for a significant
proportion of variance not attributable to listening
comprehension. Jackson and McClelland concluded that the
ability to comprehend spoken language and the ability to
access letter name codes were two important independent
correlates of reading ability.
Palmer, MacLeod, Hunt, and Davidson (1985) examined
the relationship between information processing tasks and
measures of reading speed and standardized reading
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comprehension test scores in college-aged subjects. They
grouped tasks that may account for individual differences
in reading speed and comprehension into three categories:
processes involving the visual analysis of words and
sentences, processes involved in integrating information
within a text, and process involved in relating text
information with general world knowledge. They argued that
the lower level perceptual processes are unique to reading
while the higher level comprehension processes are
characteristic of general linguistic processing.
The lower level tasks were visual search for a letter
or a word target in a stimulus array, and matching letters
or words for physical or name identify. The higher level
tasks included lexical decision, picture-sentence
verification, and semantic decision. Palmer et al. also
collected measures of general reaction time, memory span,
and many measures of reading and. listening comprehension
and intelligence in the form of standardized test scores.
Three general observations can be gleaned from their
results. First, Palmer et al. showed that reading and
listening comprehension measures were more closely related
than measures of reading speed and measures of
comprehension. Second, the letter tasks showed little
relation to reading ability, while the word tasks showed
significant relationships with both reading speed and the
comprehension measures. Third, the higher level processing
tasks were related to both reading speed and comprehension.
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Palmer et al. concluded that the strongest predictor
of reading comprehension ability in adults was listening
comprehension, and that reading speed measures were more
closely related to visual processes than to reading
comprehension
.
Baddeley, Logie, Nimmo-Smith, and Brereton (1985)
examined the relationship between reading performance and
performance on Posner's letter match task, lexical decision
tasks, vocabulary, and working memory span in adult fluent
readers. Their results showed performance on the Daneman
and Carpenter (1980) working memory span test correlated
significantly with standardized reading comprehension test
scores. The lexical decision tasks and the Posner letter
match task also showed significant correlations with
reading performance. In a stepwise regression analysis,
working memory span accounted for 21% of the variance in
comprehension, performance on the lexical decision task
added an additional 15%, and vocabulary added a further 7%
of the variance.
Baddeley et al. concluded that there are separable
components of fluent reading. One of these is vocabulary,
which probably reflects the amount of prior knowledge the
reader brings to the text, and another is the speed of
access of phonological, lexical, or semantic codes. They
note, however, that the components of fluent reading may or
may not be the important components of the reading process
in the beginning reader.
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Curtis (1980) showed how the relative importance of
different component processes changes developmentally
. she
examined the relationship between decoding speed, working
memory capacity, and general language processing skills (as
measured by listening comprehension test scores)
. in
addition to showing differences between skilled and less-
skilled readers on these tasks (as noted earlier) she also
showed that as speed of processing of visual stimuli
increased with grade level, the proportion of variance in
reading ability accounted for by these lower level
processes decreased. Moreover, for skilled fifth grade
readers listening measures made a significant and large
contribution to the explained variance in reading ability,
but for the fifth grade less-skilled readers and their
third grade reading ability peers, listening measures did
not make a unique contribution to reading ability above the
variance in common with other measures.
Curtis' results show that component processes are
important determiners of individual differences in
developing readers and that the relative importance of
these components may be different from those that are
important for adult readers or even older skilled
developing readers.
Further evidence that speed of processing on component
tasks of reading varies with age and grade comes from a
monumental study by Doehring (1976). He compared the
relative speed of processing of children from kindergarten
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to grade 11 on tasks such as visual matching, auditory-
visual matching, and vocalization latencies to letters,
multi—graphemic units, and words. His results showed
consistent decreases in processing speed on these tasks
with increased grade level.
The research described above shows that measures of
component skills in reading tasks do relate to reading
performance in both adults and in children, and that these
measures can reliably distinguish between readers of
differing ages and abilities. However, the question
remains as to whether these measures can be used
diagnostically.
Schwartz (1980) has developed a battery of cognitive
processing tasks which are related to reading ability, and
which he claims can be used diagnostically. The battery,
which was validated using adults, includes tests of long-
term memory access speed, word decoding, and memory for
order (similar to those described above) , to assess lower-
level processing, and sentence-picture verification tests
(of the type described above) to assess comprehension.
Schwartz (1980) showed that the entire battery accounted
for 76% of the variance in comprehension test scores of
adults.
As Schwartz's battery contains separate sets of tests
for decoding and comprehension skills, the claim is that
the battery can be used diagnostically to identify decoding
35
difficulties separately from comprehension. This is one of
the main benefits to a componential assessment battery.
Present Research
The purpose of the present study was to implement and
validate a computer-based system to assess competencies in
component processes of reading. This system is described
below.
The System for the Assessment of Reading Competencies
The purpose of the System for the Assessment of
Reading Competencies is to provide information about
developing reader's strengths and weaknesses that could
contribute to diagnostic decisions. The system in and of
itself is not diagnostic in that it will not categorize or
label readers. Rather it is diagnostic in the sense used
by Johnston (1981, as cited in Gardner, 1983) in that it is
a systematic sampling of behaviors related to reading
performance that can inform instructional decisions. The
goal of the system is to contribute to an understanding of
a child's reading difficulty by providing valuable
information regarding a child's reading skills in the
component processes of reading.
The assessment procedure begins with the
administration of Sentence Verification Technique (SVT)
listening and reading comprehension tests. Royer (in
press) has argued that the SVT is an assessment of a
reader's ability to understand a particular text and is not
heavily dependent on other skills such as inferencing and
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reasoning. The purpose of administering SVT tests is to
assess comprehension skills apart from other skills such as
reasoning that are assessed with standardized reading tests
(Johnston, 1984) . The purpose of administering both
reading and listening tests is to identify those children
who are not reading up to the potential suggested by their
listening skills. Many researchers have considered the
relationship between listening and reading ability as an
index of reading potential (e.g., Durrel, 1969; Carroll,
1977; Sticht, 1984; Royer, Kulhavy, Lee, & Peterson, 1986).
The idea is that given an adequate measure of listening and
reading comprehension abilities, students can be classified
as reading at or below their comprehension abilities. It
is also important for diagnostic reasons to distinguish
between those children who can listen and understand but
cannot read and understand, and those children who can
neither listen and understand nor read and understand. In
other words, it is important to separate those children
with a general language deficit from those children with a
specific reading deficit.
The next step in the system is the administration of a
battery of computer-based tasks that reflect skills in the
component processes of reading. The selection of tasks for
inclusion in the system was based on many factors. First,
it is important to use tasks that are related to reading.
This might seem evident, but in fact, in reading and
reading diagnostic tests there are many examples of tasks
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that bear a dubious relation to the task of reading. For
example, it was very difficult to distinguish reading tests
from tests of intelligence (Johnston, 1984) . These early
tests included questions that required much reasoning and
problem solving. As noted earlier, many comprehension
tests used today involve answering questions with the
passage still present, which may involve more problem
solving skills than reading comprehension ability.
Second, it is important to select tasks that appear in
the literature for purposes of comparison. However, there
are several reasons that it is important to not exclude
tasks that may not have shown a strong relationship to
reading performance in adults. One reason is that a task
may be important to include for diagnostic purposes. In
addition, the task may not discriminate between adults
readers, but may be important in the examination of
beginning readers. Further, a task which shows low
variability (reflecting similarity of performance over
subjects) and poor prediction of reading performance may
still be of interest for theoretical or diagnostic reasons.
A final criterion for inclusion of tasks in the
computer battery was that tasks should sample processes
across a wide range of levels of the reading processing
continuum, but with a concentration at lower levels.
Sampling a wide range of component processes is important
because it is likely that no single component skill can
explain a sufficient amount of individual difference
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variation in reading performance (Carr, 1981) .
Concentrating on the lower levels affords the most
diagnostic potential. This hypothesis is based on the
assumption that difficulty in higher level processes may be
the result of nonautomated lower level processes (Curtis
1980; Stanovich, 1980; Perfetti, 1985; Schwartz, 1984).
Based on these considerations, the following tasks
were included in the computer battery: the Posner letter
match task, naming of real and pseudowords (measured by
vocalization latency)
,
a category match task (deciding if
two words belong to the same category)
,
and two variations
on the cloze task designed to measure syntactic processing
and sentence comprehension The tasks included in the
computer battery are presented in Table 1 (see page 45) .
The Posner letter match task was included as a measure
of letter identification skill (physical identity
condition) and speed of access to long term memory (name
identity condition) . Letter identification speed has been
shown to increase with age and ability (Doehring, 197 6;
Biemiller
,
1977-78) . Speed of access to long term memory
has proved to be a reliable discriminator between skilled
and less skilled adult readers (Hunt et al., 1975; Jackson
& MacClelland, 1979; Palmer et al., 1985) as well as
beginning readers (Chabot, Petros, & McCord, 1983)
.
The vocalization latency measures were included as
indices of decoding ability. Word identification skills
are assessed with the vocalization latencies to real words.
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The ability to identify words automatically is considered
an important individual difference parameter (LaBerge &
Samuels, 1975; Curtis, 1980; Stanovich, 1980; Perfetti,
1985) . However, even after words are fully automated, word
recognition times continue to decrease with age (Biemiller,
1977-78)
. The pseudowords were included because the task
of identifying pseudowords is considered a test of
phonological recoding or the ability to apply grapheme-
phoneme correspondence rules (De Soto & De Soto, 1983)
.
Performance on naming tasks involving pseudowords has been
shown to reliably discriminate between skilled and less-
skilled readers (Perfetti & Hogaboam, 1975; Hogaboam &
Perfetti, 1978) .
Speed of access to semantic memory was assessed by a
category match task. Speed and accuracy of semantic memory
processes have been shown to vary as a function of reading
ability in beginning readers (Perfetti & Lesgold, 1977;
Chabot et al., 1983). Chabot et al. argue that a category
match task (deciding if two words belong to the same
category) is a measure of both semantic memory access and
search processes.
Finally, application of syntactic and semantic
knowledge were assessed with two tasks that are variations
of the cloze procedure. In the syntax task, subjects were
asked to select a word to complete a blank in a sentence.
The choices vary in syntactic correctness (ie, tense, verb
agreement). Using a similar procedure, Guthrie (1973)
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showed that this task discriminated between skilled and
less-skilled readers. In the sentence comprehension task,
subjects were also presented with a sentence containing a
blank and were asked to choose a word to fill in the blank.
In this task, the choices vary in semantic correctness.
This variant of the cloze procedure (Bickley et al., 1970)
was considered to be a measure of sentence comprehension.
While these are only a sampling of the possible tasks
that might be use to examine component reading skills, they
do represent several processing skills at several levels
that have been demonstrated to distinguish between readers
of differing abilities.
Validation of the Assessment System
The validation of an assessment technique involves
assembling evidence that the system performs in accordance
with expectations. In the present study, performance on
the comprehension tests and the computer tasks was examined
in an attempt to evaluate whether the system performed as
expected. In other words, data were examined to provide
evidence bearing on the validity of the assessment system
as a measure of reading competence.
Expected Patterns of Performance . The expectations
were that the system should distinguish between grade
levels and ability groups. Specifically, older children
should outperform younger children in speed and accuracy of
performance on the computer tasks. Also, those students of
higher reading ability should outperform students of lower
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reading ability on measures of both speed and accuracy of
performance. However, performance on the lower level tasks
may not show differences in accuracy of performance between
groups as these tasks are not particularly difficult.
There may, however, be differences between readers of
different ability in their accuracy of performance on
higher level tasks.
Further, a different pattern of performance for
skilled and less-skilled readers was expected. Skilled
readers are more likely to have automated lower level
skills than less-skilled readers. This should be evidenced
by an advantage in speed on the lower level tasks over
less-skilled readers. This advantage should also be
reflected in increased speed and accuracy on the higher
level tasks as well.
Expected Patterns of Performance on Specific Tasks .
The pattern of performance for the Posner letter match task
that is generally found is that physical identity trials
are faster than name identity trials. It was expected that
this pattern of performance would be evident with these
subjects. Further, it was expected that there would be a
greater difference in performance between the two
conditions for less-skilled than skilled readers,
reflecting a longer access time to long term memory for the
less-skilled readers.
It was expected that, in general, pseudowords should
take longer to name that real words. Whereas some
words
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can be accessed directly from the lexicon without recoding,
all pseudowords must be recoded to be pronounced. it was
also expected that there would be a greater difference
between word and pseudoword naming times for less-skilled
readers than for skilled readers. This expectation was
based on the assumption that while skilled and less-skilled
readers may have some words in common in their sight
vocabularies, less-skilled readers would, presumably have
less well developed word attack skills. In other words,
less-skilled readers were expected to show greater deficits
in phonological coding skills than skilled readers.
Connors and Olson (in press) have argued that phonological
coding (the ability to read pseudowords aloud) and
orthographic coding (the ability to rapidly identify the
word in a pair of phonologically identical letter strings)
are modular word recognition skills. They showed that
while each account for substantial independent variance in
word recognition, disabled readers tended to show deficits
in phonological coding skills and not orthographic coding
skills
.
It was expected that performance on the three upper
level tasks, the category match task, the syntactic
analysis task, and the sentence comprehension task would
also vary with grade and ability levels, such that older
subjects and skilled readers would show faster performance
on these measures than younger subjects and less-skilled
readers
.
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Table 1
Tasks Included in the Computer Battery
Task Description Designed to
Measure
Posner Letter Match
1) Physical
match
2 ) Name match
3) Different
Decide if two
letters:
1) look the same,
2) have the same
name, or
3) are different.
1) Letter
identification
2) Speed of
access to
letter names in
LTM
Word Naming Pronounce real
words presented in
isolation (no
context)
.
Decoding ability
and word identi-
fication skill
Pseudoword Naming Pronounce letter
strings that have
legal orthographic
structures ( in
isolation)
.
Decoding ability
(ability to apply
grapheme-phoneme
correspondence
rules or phono-
logical recoding)
.
Category Match Decide if two
words belong to
the same or a
different
category.
Speed of access to
semantic memory.
Syntactic
Analysis
Select a
syntactically
correct word to
complete a blank
in a sentence.
Application of
syntactic
knowledge.
Sentence
Comprehension
Select a
semantically
correct word to
complete a blank
in a sentence.
Sentence
comprehension
.
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CHAPTER II
METHOD
Subjects
Subjects were 112 students in grades 2-5 from a small
school system in Western Massachusetts. Of the 112
subjects, 39 were in grade 2, 27 were in grade 3, 37 were
in grade 4, and 9 were in grade 5. Subjects were not
selected randomly. Rather, all students in the target
grades who were not in English as a Second Language classes
were asked to bring home permission slips to their parents.
Those students who returned a signed permission slip were
included in the study.
Apparatus
All computer-administered tasks were presented on a
Toshiba T3100/20 lap-top computer. Stimuli were presented
directly on the Toshiba's monitor. All computerized tasks
were programmed using Micro Experimental Lab software
(Schneider, 1988) . Vocalization latencies were collected
via a microphone and voice key apparatus and all key press
responses were collected via a button board keyboard
overlay. The buttons on the overlay board were used to
depress the keys on the keyboard. Templates were laid over
the buttons so that the buttons were appropriately labeled
for each task.
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Stimuli
Sentence Verification Technique Tests
Measures of listening and reading comprehension were
collected using Sentence Verification Technique (SVT) tests
(Royer, Hastings, & Hook, 1979). The reading and listening
comprehension tests consisted of four passages, 12
sentences in length, and accompanying 16 sentence SVT
tests. (As an example, a copy of the grade 3 listening and
reading tests are included in Appendix A.) Of the four
passages, two passages were at the child's grade level, one
was a year below grade level, and one was a year above
grade level. Tests were developed from appropriate grade
level SVT tests developed for other research studies.
These were three passage tests developed from the Houghton-
Mifflin basal reading book series. Reliabilities indices
were determined for each test from previous
administrations. The reliability indices ranged from .54
to .88. In an attempt to improve the reliability of the
tests, each of the tests for grades 3 through 5 was
lengthened by adding an additional 12 sentence passage at
grade level, and an accompanying 16 sentence SVT test.
These passages were taken from the same Houghton-Mif flin
basal reading book series. The tests were developed
according to the procedures described in Royer, Greene, and
Sinatra (1987) . In addition to lengthening the tests, each
of the test items in the existing tests were examined by
item analysis. If an item showed a negative item
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discrimination index, it was carefully reviewed, if the
item appeared faulty, it was revised.
Stimuli for Computer Tasks
Letters for the Posner letter match task were upper
and lower case letters from the following set of letters A,
B, D, E, F, G, H, J, M, N, P, R. These letters were used
because the upper and lower case letters differ
substantially in appearance. (See Appendix B for a list of
all stimulus used in all tasks.) Stimuli for the naming
task included words that varied in familiarity (and
therefore difficulty) chosen from Fry's List of Instant
words (1972) and from Dale and O'Rourke's (1976) vocabulary
inventory. The Dale and O'Rourke inventory provides an
index of familarity for words at a range of grade levels.
Words for the practice trials were three letter words
chosen from Fry's List of Instant words. Words for the
trials were chosen from four difficulty levels. The first
set were three letter words chosen from Fry's List of
Instant Words and are considered to be at the second grade
level. The next three sets were words of four, five, and
six letter in length, respectively, and were chosen from
Dale and O'Rourke's inventory. These words were chosen
such that the four letter words would be highly familiar to
students in grade 3, the five letter words would be highly
familiar to students in grade 4, and the six letter words
would be highly familiar to students in grade 5. (These 4
sets of words will be referred to as having difficulty
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levels of 1, 2, 3 and 4, respectively.) Pseudowords were
developed from the same words, or words of the same
familiarity ratings, by replacing one or two letters in a
word to make a pronounceable nonword. (Pseudowords of 3
,
4
,
5, and 6 letters in length will also be referred to as
having a difficulty level of 1, 2, 3, and 4 respectively.)
Categories for the category match task were common
superordinate categories. The categories "toy",
"vegetable", and "tool" were used for the practice trials.
The categories, "furniture", "clothes", "transportation",
"animals", "fruits", and "body parts", were used for the
trials. Exemplars were typical items such as "dog", "saw",
and "chair". Most categories and exemplars were chosen
from Rosch (1975) . Exemplars were chosen to have both a
high goodness-of-example rating according to Rosch (1975)
and a high familiarity rating at grade 3 according to Dale
and O'Rourke's inventory. For the "SAME" trials two words
from the same category were presented. For the "DIFFERENT"
trials a word from one category was paired with a word from
another category.
Sentences for the syntax task and the sentence
comprehension task were simple sentences of 4 to 7 words in
length containing a blank where a word was missing.
Sentences were developed to be high in readability by
including mostly monosyllabic or bisyllabic highly familiar
words
.
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one
Two alternative words to fill in the blank were
presented with each sentence, one above the blank and
below the blank. For the syntactic task, one of the two
choices was syntactically correct and one was syntactically
incorrect. The sentences were written to assess the
following types of syntactic problems: tense, subject-verb
agreement, choice of preposition, choice of pronoun,
possessives, and word order.
For the sentence comprehension task, the two
alternatives were of the same part of speech (either two
nouns or two verbs) . One of the two choices made the
completed sentence semantically correct and the other
choice made the sentence nonsensical.
Stimuli for all tasks except the letter task and the
word naming task were rated by 7 adults and 1 fifth grade
student. The pseudowords were rated for pronounceability
.
Raters were asked to read each pseudoword out loud and then
rate how difficult they found them to pronounce on a scale
from 1 to 5. Only one pseudoword was replace due to a low
pronounceability rating. For the category match task, the
raters were asked to decide if the two words came from the
same or a different category. For the syntax and the
sentence comprehension task, raters where asked to pick the
appropriate word to fill in the blank. Raters were asked
to make these choices in an attempt to discover any stimuli
where the correct choice was ambiguous. All raters were
able to choice the correct response for all the stimuli.
49
Procedure
Testing was conducted in two sessions. In the first
session, subjects were administered the SVT tests in groups
by grade. In the second session subjects were tested
individually on the computer. The SVT test sessions were
approximately one hour long. Most students completed the
computer battery within one half hour.
Administration of the SVT Tests
SVT tests were administered to groups of students by
grade. Students were given instructions aurally and taken
through a practice passage and four practice test items.
For the listening test, passages and test items were
recorded and played back on a tape recorder. After
administration of the listening test, booklets containing
the reading passages and test items were handed out.
Students were instructed to read each passage at their own
rate and then turn the page to answer the test items
without returning to the passage. Students in grades 3
through 5 were given instructions on how to record their
answers to both the listening and reading tests on machine-
scorable OPSCAN answer sheets. Students in grade 2
recorded their answers by circling their responses on an
answer sheet.
Administration of the Computer Battery
Subjects were tested individually on the computer.
Instructions for each task appeared on the screen in an
abbreviated form and were read aloud by the experimenter
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prior to beginning the task. Each task was preceded by a
set of practice trials. After the practice trials the
experimenter answered any questions and reviewed the
instructions as necessary for each subject.
To orient subjects with responding on the computer,
and to measure general response speed, the computer battery
began with a simple reaction time task. The instructions
given to the subject appear below. (For all tasks, the
instructions in boldface are those that actually appeared
on the computer screen and where also read aloud to the
subjects. Those instructions not in boldface were simple
presented aurally to the subject and did not appear on the
computer screen.)
In this game you will see three *** or three +++
in the middle of the screen like this:
***
these are the stars
+++
and these are the pluses. Before you see the
stars or pluses you will see the words 'Get
Ready' in the middle of the screen like this:
GET READY
This is to let you know that the stars or pluses
are coming. When you see the ***, press the
button marked ***. When you see the +++ press
the button marked +++. If you do that you will
see the words "Correct Response" appear on the
screen like this:
Correct Response!
If you hit the wrong button you will see the
words "Wrong Response" on the screen like this:
Wrong Response!
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That is important because for all of these tasks
I want you to answer as quickly as you can but
still get the right answer. If you see the words
"Wrong Response" come up a lot, you may want to
slow down and make sure you get the right answer.
Ready? Let's try a few for practice."
Subjects were given 10 practice trials and 25 trials.
Each trial was preceded by a "GET READY" warning signal in
the middle of the screen for 1100 msec., followed by the
stars or pluses. The stars and pluses appeared in a random
order for each subject. The stimulus remained on the
screen until the subject made a response. Subjects
received feedback regarding the accuracy of their responses
on every trial. When they hit the appropriate button they
saw the words "Correct Response!" appear in the upper left
portion of the screen. The words "Wrong Response!"
appeared when the inappropriate button was hit. Both speed
and accuracy of every response were collected by the
computer.
Posner Letter Match Task . In this task, subjects were
presented with two letters at a time and were asked to
decide if the two letters were the same or different.
Subjects were instructed as follows:
"Now you are going to see two letters on the
screen at a time and I want you to decide if the
two letters are the same or different. Two
letters are the same if they have the SAME NAME.
For example, A and A have the same name. A and a
have the same name. When two letters have the
SAME name, hit the button marked SAME. A and B
have a different name. When two letters have a
DIFFERENT name you should hit the button marked
DIFFERENT. Remember, hit the button marked SAME
when two letters have the same NAME. Hit the
button marked DIFFERENT then the two letters have
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® name. Ready to try a few for
practice?"
Subjects were presented with 12 practice trials and 48
After the practice trials the following review of
instructions appeared on the screen:
"OK. Ready to begin? Remember, when the two
letters have the same name, hit the button marked
SAME. When the two letters have a different
name, hit the button marked DIFFERENT.
These instructions were reviewed with each subject as
necessary. Each trial was preceded by a "Get Ready"
warning for 1100 msec, and then the letter pair appeared in
the center of the computer screen with two character spaces
between the two letters. The stimulus remained on the
screen until the subject made a response. Trials were
presented in a random order so that stimuli from different
conditions (physical identity, name identity, and
different) were seen randomly. Accuracy feedback was
presented on every trial. The computer collected both
speed and accuracy of each response.
Naming Task . Subjects were presented with five blocks
of 20 trials for the word condition, and five blocks of 20
trials for the pseudoword condition. The order of
presentation of the word and pseudoword conditions was
counterbalanced across subjects. The first block of trials
in each condition was considered practice trials. The next
four blocks presented the words or pseudowords in sets by
dif ficulty . The order of presentation of blocks was random
for each subject such that some saw more difficult words
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first. For the word condition subjects were instructed as
follows
:
"Now you are going to see some words. Try to say
each word out loud as guickly as you can. Evenif you don't know the word, try your best to sayit. Let's try a few for practice."
the pseudoword condition subjects were instructed as
follows:
"Now you are going to see some made up words.
Try to say each one out loud as guickly as you
can. Even though you have never seen these words
before, try your best to say each one. Let's try
a few for practice."
Each stimulus item was presented in the center of the
screen in lower case. Stimulus items were preceded by a
fixation point for 1100 msec, that consisted of a number of
asterisks equal to the number of letters in the item that
was about to appear on the screen. Each word remained on
the screen until the subject made a vocal response. Time
to make the vocal response was collected by the computer.
The experimenter recorded response accuracy by hand.
Category Match Task . For the category match task,
subjects were presented with two words simultaneously side
by side typed in lower case. Subjects were asked to
respond "same" when the two words were exemplars of the
same category, and "different" when the two words were
exemplars of different categories. Subjects were given the
category labels in advance. Subjects were instructed as
follows:
"Now you are going to see two words on the screen
at the same time. Decide if two words come from
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the same group. For example, you may see two
words like these:
dog cat
These two words are from the same group, they areboth animals. You should hit the button marked
SAME. These two words:
car nose
are from different groups. One is
transportation
,
and the other is a body part.
You should hit the button marked DIFFERENT. For
the practice ones, you will see words from these
three group: TOYS VEGETABLES TOOLS. Ready to
try a few for practice?"
For the trials subjects were then instructed:
"Now you will see words from these groups:
FURNITURE CLOTHES TRANSPORTATION ANIMALS
FRUITS BODY PARTS .
"
Each trial was preceded by a "Get Ready" warning for
1100 msec, and then the word pair appeared in the center of
the computer screen. The words were typed in lower case
with two character spaces between them. The order of
trials was random such that positive and negative trials
were mixed. The word pair remained on the screen until the
subject made a response.
Syntax Task . In this variation on the cloze task,
subjects were presented with a sentence in the center of
the computer screen, with a word missing indicated by an
underlined blank space. Subjects were asked to select the
missing word from two alternatives. The two alternative
words appeared with the sentence; one above and one below
the blank. Twenty-five sentences were presented; the first
55
five were practice trials. The subjects were instructed as
follows:
"Now you are going to see some sentences. Each
sentence contains a blank. Choose the best word
to fill in the blank. Read the whole sentence.
For example you will see sentence that look like
this:
walk
John the dog.
walked
Which word would you pick? Here is another
example:
are
The girls playing.
is
Which word would you pick? For the top word, hit
the button marked TOP. For the bottom word, hit
the button marked BOTTOM. Ready to try a few for
practice?"
Sentences and alternatives appeared in the center of
the screen and remained on the screen until the subject
made a response. Accuracy feedback was provided on every
trial. The computer collected the speed and accuracy of
each response.
Sentence Comprehension Task . In this task, subjects
were presented with a sentence in the center of the
computer screen, with a missing word indicated by an
underlined blank space, and two response alternatives, one
above the blank and one below the blank, just as they had
appeared in the syntax task. Twenty-five sentences were
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presented, the first five were practice trials. The
subjects were instructed as follows:
"Now you are going to see some more sentences
with word missing. This time I want you to
choose the word that fits best in the sentence sothat the sentence makes sense. For example, you
will see sentences that look like this:
walked
John the dog.
played
Which word would you pick? For the top word, hit
the button marked TOP, for the bottom word, hit
the button marked BOTTOM. Ready to try a few for
practice?"
Sentences appeared one at a time in the center of
computer screen and remained on the screen until the
subject made a response. Accuracy feedback was given on
every trial . Both speed and accuracy of each response was
collected by the computer.
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CHAPTER III
RESULTS
The results are presented in four major sections.
Preliminary analyses are presented in the first section.
These analyses examined the pilot data results, the effects
of school, and the effects of order of presentation of
conditions in the naming task. Those analyses that pertain
to the reliability of the system as an assessment technique
are presented in the second section. The reliability of
both the comprehension measures and the response time
measures of the computer task were determined. In the
third section, the validity of the computer tasks is
examined in a number of ways. These analyses demonstrated
that the computer tasks successfully discriminated between
grade levels and ability groups. The final section
presents those analyses that examined the results in terms
of the theoretical assumptions that form the basis for the
assessment system.
Preliminary Analyses
Pilot Data Results
The battery of computer tasks was presented to 10
subjects in a pilot study. The aim of the pilot study was
to resolve such methodological issues such as the length of
a testing session, the order of presentation of the tasks,
and the clarity of the instructions. Of the 10 pilot
subjects, three were in grade 2, two were in grade 4, three
were in grade 5, and two were in grade 6. Figure 1 shows
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Posner letter
the mean response times by grade for the
match task, the word and pseudoword naming task, the
category match task, and the sentence tasks for these pilot
subjects. These data generally reflected the expected
patterns of results; response times tended to vary with
grade, pseudoword naming times were longer than word naming
times, and the Posner letter match task conditions
exhibited the usual pattern (the physical match condition
is faster than the name match condition)
.
As these data were showing the basic patterns of
expected results with very few subjects of unknown ability
levels, no major changes were made to the stimulus
materials or task themselves. The instructions were
modified slightly and a few minor changes in the stimuli
were made.
One issue to be resolved was the order in which tasks
were to be administered. Two orders were used with these
pilot subjects. One was considered a "forward" order. In
this order, subjects saw tasks in order from lower level
tasks to higher level tasks. Starting with the simple
reaction time task, subjects who received a forward order
of tasks were then presented with the Posner letter match
task, the naming tasks, the category match task, the syntax
task, and then the sentence task. Subjects who saw tasks
in a "backward" order started with the simple reaction time
task and then saw the sentence task, the syntax task, the
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category match task, the naming tasks, and then the Posner
letter match task.
During the pilot study, one subject with very low
reading ability was run in a forward order of tasks. it
became apparent that the subject was not going to be able
to complete the tasks and the session was discontinued at
the word task. The subject was, however, able to complete
fi^st two tasks. If this subject had been run in the
backward order, these data would have been lost. Based on
this experience, it was concluded that all subjects in the
study should be run in a forward order to eliminate the
loss of important information regarding the performance of
lower ability subjects on lower level tasks.
Effects of School
A preliminary set of analyses was conducted to examine
whether there were significant differences between the
subjects from the two schools. The nature of these
analyses were one-way ANOVA's (analyses of variance) with
school serving as a between-subjects variable and
performance on each task serving as the dependent measure.
Each analysis was done separately by grade. Within each
grade, analyses were done separately by task. None of
these analyses yielded significant main effects of school
nor were there any significant interactions of school with
any of the dependent measures. One effect (grade 2 SVT
performance) approached significance [F(l, 33) = 3.63, p =
.062, MSe = 24.3790], however, the majority of the F-ratios
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were less than 1.0. Based on these results, data from
subjects from both schools were combined in subsequent
analyses
.
Word and Pseudoword Order Effects
A set of preliminary analyses were conducted to
determine if there were any effects of order of
presentation of words and pseudowords in the naming task.
Order of presentation was counterbalanced across subjects.
These analyses were repeated measures ANOVA's with order of
presentation serving as the between-subjects factor and
word and pseudoword naming time serving as two levels of a
repeated measures factor. These analyses were done
separately by grade and yielded no significant main effects
of order. There was, however, a significant interaction of
order and naming time for grade 4, [F(l, 35) = 4.45, p =
.039, MSe = 15806.9]. However, if a family-wise error rate
is determined considering the number of individual ANOVA's
conducted, this interaction would not be significant.
Further, an examination of the nature of the interaction
revealed that the pattern of performance on naming of words
and pseudowords was the same in both school groups and
consistent with that found in the other grades (word naming
times were considerable faster than pseudoword naming
times) . Based on these results, data from subjects in both
order conditions were combined in subsequent analyses.
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Reliability of the System for thp
Assessment of Reading Competenripg
Both the Sentence Verification Technique Tests of
reading and listening comprehension and the response time
measures from the computer tasks were examined for
reliability. These results are presented separately below.
Reliability
—of—the Sentence Verification Technique Tests
Sentence Verification Techniques Tests (SVT) were
presented to students in each of the four grades. Grade 2
students were assessed on listening comprehension only.
SVT tests of both listening and reading comprehension were
administered to subjects in grades 3, 4, and 5. The grade
2 test consisted of three passages (each followed by 16
sentence SVT tests). The grade 3, 4, and 5 tests in
listening and reading each contained 4 passages and their
accompanying 16 sentence SVT tests.
Reliability of the SVT tests was determined using
Cronbach's Alpha. Table 2 presents the means, standard
deviations, and Alpha coefficients for each grade and each
test modality. These coefficients ranged from .54 to .95
with a mean of .77.
Reliability of the Response Time Measures
Reliabilities of the response time measures were
estimated using two methods. First, mean response times
over items were calculated for the naming task, the
category match task, the syntactic analysis task, and the
sentence comprehension task using data from all subjects.
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Means over trials* were calculated for the simple reaction
time task and the Posner letter match task. Standard
deviations and standard errors of these means were then
computed for each task. Table 3 presents these results.
The standard error of the item means provides an index of
the variability of the item means over subjects. A small
standard error indicates that the distribution of item
means is relatively narrow. This provides an indication of
the reliability of the set of items in that it indicates
whether each of the items is yielding a similar estimate of
the response time for that task. As can be seen in Table
3, the standard errors for each task were relatively small,
indicating consistency of measurement over items. This
method of estimating reliability may, however, be somewhat
misleading because it may obscure variability over items
for individual subjects. For this reason, a second method
for estimating reliability was employed.
This method involved estimating reliability by
estimating the components of variance in an analysis of
variance. (For a recent discussion of obtaining an
estimate of the consistency of measurement of items from an
analysis of variance see Myers, 1979.) Using this method,
reliability is defined as the proportion of total variance
that was attributable to subjects.
*Means over trials, not over items, were calculated
for the simple reaction time task and the Posner letter
match task as data on individual items was not available.
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each stimulus
Individual ANOVA's were calculated for
set for the word and pseudoword naming task, the category
match task, the syntactic analysis task, and the sentence
comprehension task. These analyses were done separately by
grade for grades 2, 3, and 4. (Individual ANOVA's were not
computed for grade 5 due to the small number of subjects in
this group.) The formula used to compute the estimates of
reliability was R = l-l/F where F = MSs/MS si (Myers, 1979,
p. 182). This is an estimate of the reliability of items
as it indicates the proportion of variance in response time
that is due to subject variance rather than item variance
or error of measurement. The reliability coefficient
obtained using this formula can be considered an indication
of the extent to which a particular set of items is
measuring the same trait. According to Myers, R can be
interpreted as "a measure of the correlation between the
mean scores for two sets of randomly sampled items
administered at different times to the same sample of
subjects." Further a high value of R indicates that "we
could expect a second sample of a items to provide a
similar inference about the relative performance of our
subjects." According to Guilford (1954) the results
obtained using this analysis of variance approach are
identical with that obtained using the K-R 20 formula (p.
353). These reliability indices are reported in Table 4.
As can be seen in the table, these indices range from .88
to .97 with an average of .94.
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Taken together, these two methods provide evidence in
support of the reliability of the response time measures of
the computer tasks.
Validity of the System for thp
Assessment of Reading Competencies
The nature of the evidence that would support the
validity of the assessment system would be data indicating
that the computer battery reliably discriminates between
grade levels and ability groups. This section first
presents performance on the SVT tests by grade.
Performance on the computer battery is then presented by
grade level and ability groups.
Performance on the SVT Tests bv Grade
Table 5 shows the mean proportion correct for each
passage in each SVT test by grade. For grades 3, 4, and 5,
SVT tests consisted of one passage below grade level, two
at grade level, and one above grade level for both the
listening and reading tests. For grade 2, the listening
test consisted of one passage below grade level, one at
grade level, and one above grade level. As can be seen
from the table, performance on the individual passages did
vary somewhat with passage difficulty level, but not
consistently. In general, listening performance was
superior to reading performance, as would be expected for
developing readers.
Since each of the comprehension tests was targeted at
a particular grade level, there should be no difference in
65
SVT test performance as a function of grade. As can be
seen in the table, performance for each grade was fairly
consistent and averaged just below 85% correct. it should
be noted that this was high performance for an SVT test
(see Royer & Carlo, 1989) indicating that, in general,
these subjects were quite competent readers.
Performance on the Computer Battery bv Grade
Table 6 shows the means and standard deviations of
response times for each computer task by grade. As can
been seen in Table 6, mean response time varied
systematically as a function of grade, such that the
performance of those subjects in the higher grades was
faster than the performance of those subjects in the lower
grades. Separate ANOVAs for each task revealed that these
differences were significant. Using a Bonferroni
procedure, the family-wise error rate was controlled at 5%.
This involved evaluating each of the seven analyses at the
.007 level [simple reaction time task, F(3, 108) = 8.84, p
< .007, MSe = 25682.4; Posner letter match task, F(3, 108)
= 13.51, p < .007, MSe = 57754.4; word naming time, F(3,
103) = 5.23, p < .007, MSe = 43558; pseudoword naming time
F ( 3 , 103) = 6.31, p < .007, MSe = 470201; category match
task, F ( 3 , 105) = 14.53, p < .007, MSe = 573601; syntactic
analysis task, F(3, 105) = 17.20, p < .007, MSe = 2600000;
sentence comprehension, F(3, 105) = 17.80, p < .007, MSe =
2600000]
.
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For clarity and ease of examination, the mean response
times for the Posner letter match task, the naming tasks,
the category match task, and the sentence tasks are
graphically depicted in Figure 2. Again, it can be seen in
the figure that performance varied systematically with
grade level.
The word and pseudoword naming times depicted in
Figure 2 are averaged over the four difficulty levels of
word and pseudoword stimulus sets. Figure 3 shows word and
pseudoword naming times broken out by difficulty level for
each grade. Separate ANOVAs were conducted to test the
differences in naming time for the different difficulty
levels. These analyses were done separately for words and
pseudowords for each grade controlling the family-wise
error rate at 5% by evaluating each of the eight analyses
at the .006 level. The results of these analyses revealed
that the difficulty of the stimuli had a significant effect
on naming time for both words and pseudowords for grades 2,
3, and 4 [grade 2 word naming, F(3, 111) = 19.69, p < .006,
MSe = 290000; grade 2 pseudoword naming, F(3, 111) = 10.61,
p < .006, MSe = 320000; grade 3 word naming, F(3, 66) =
7.00, p < .006, MSe = 240000; grade 3 pseudoword naming
F ( 3 , 66) = 6.99, p < .006, MSe = 330000; grade 4 word
naming, F(3, 108) = 10.15, p < .006, MSe = 44196.8, grade 4
pseudoword naming F(3, 108) = 35.67, p < .006, MSe =
9533.28] and for pseudoword naming for grade 5 [F(3, 24) =
6.53, p < .006, MSe = 12624.8]. This effect failed to
67
reach significant for word naming for grade 5 using the
family-wise error rate, but was significant at the
conventional 5% level [F(3, 24) = 3.18, p < .05, MSe =
7300.87]
.
As can been seen in the figure, the difficulty level
of the stimulus sets had more of an effect at the lower
grades than the higher grades, in that the differences
between the mean naming times for the different stimulus
sets was greater at the lower grades. This was expected as
the difficulty level of the stimulus sets was roughly
equivalent to words at grades 2-5 difficulty.
Table 7 shows the mean response accuracies for each
computer task by grade. As can be seen in the table,
accuracies for most tasks were exhibiting a ceiling effect
and, therefore, did not vary systematically as a function
of grade. Separate ANOVAs for each task by grade revealed
that there were significant differences between grades in
accuracy of performance for the word naming task when the
family-wise error rate was controlled at 5% [F(3, 104) =
10.96, p < .007, MSe = .01091] and the pseudoword naming
task [F (3
,
103) = 7.65, p < .007, MSe = .03093]. These
analyses were not significant, however, for the other
tasks
.
Figure 4 depicts these same data graphically.
Performance on most tasks were at ceiling, however,
accuracy of performance on the word and pseudoword naming
task did vary with grade level. Figure 5 shows the
68
proportion of words and pseudowords named correctly for
each difficulty level by grade. Separate ANOVAs reveal
that there were significant difference in word and
pseudoword naming accuracy for stimuli at the different
difficulty levels for grades 2, 3, and 4. The family-wise
error rate was controlled at 5% by evaluating each of eight
analyses at the .006 level [grade 2 word naming, F(3, 111 )
= 45.07, p < .006, MSe = .01385; grade 2 pseudoword naming,
F(3, 111) = 30.71, p < .006, MSe = .01643; grade 3 word
naming, F(3, 66) = 8.48, e < .006, MSe = .00442; grade 3
pseudoword naming, F(3, 66) = 8.20, p < .006, MSe = .00696;
grade 4 word naming, F(3, 108) = 8.90, e < .006, MSe =
.00400, grade 4 pseudoword naming F(3, 108) = 13.47, p <
.006, MSe = .01026]. There was no significant effect of
difficulty for word naming accuracy for grade 5, however,
this effect was marginally significant for pseudoword
naming [F(3, 24) = 4.88, p = .008, MSe = .00634].
These data show a similar pattern to the response time
data for the naming task. As evidenced in the response
time data, the differences in the mean accuracy of word and
pseudoword naming was greater for the different difficulty
levels of the stimulus sets at the lower level grades than
it was at the higher grades.
Performance on the Computer Battery by Ability Level
Reading book levels were obtained for students in one
of the two schools. These indicated the grade and book
level at which a particular child was currently reading
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(for example, 2.1 indicates a child is reading at grade 2,
book 1) . Table 8 shows the number of subjects at each
reading book level in each grade. Within each grade, these
levels were collapsed into three groups (low, med, and
high) to provide an index of reading ability. This
resulted in groups consisting of 11 subjects in each of the
three groups in grade 2, 6 in each group in grade 3; 9, n t
and 6 in each of the three groups in grade 4, and 1, 4, and
4 in each of the three groups in grade 5. Figure 6
graphically depicts the mean response times on each of the
computer tasks by reading book level for each grade.
Separate ANOVAs were calculated using reading book
level as a grouping variable and response time on each of
the computer tasks as the dependent variable for grades 2
,
3, and 4. The family-wise error rate was controlled at 5%
by evaluating each of the seven analyses for each grade at
the .007 level. (These analyses were not conducted for
grade 5 due to the small number of subjects in each reading
book group.
)
There was a significant difference in performance on
the simple reaction time task for students in the different
reading book levels for grade 3 [F(2, 19) = 9.78, p < .007,
MSe = 27974.1]. Differences between groups in performance
on the simple reaction time task were not significant for
grades 2 and 4
.
The differences between groups in performance on the
Posner letter match task were not significant for grades 2,
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3, and 4 using the family-wise error rate. However, for
grades 3 and 4 these differences were significant at the
conventional 5% significant level [grade 3 [F(2, 19 ) =
5.26, p < .05, MSe = 63128.4? grade 4 F(2, 23) = 3 . 75
, p <
.05, MSe = 22458.01]
.
For the word and pseudoword naming tasks, there were
significant differences in naming times between ability
groups in grade 2 [words, F(2, 30) = 5.96, p < .007, MS e =
445226; pseudowords, F(2, 30) = 5.91, p = .007, MSe =
.492791] and in grade 3 [words, F(2, 15) = 8.40, p < .007,
MSe = 118959.6; pseudowords, F(2, 15) = 11.13, p < .007,
MSe = 551374]. In grade 4, these differences did not reach
significance.
There was a significant difference between ability
groups in response time on the category match task for
grade 3 [F(2, 19) = 11.91, p < .007, MSe = 421144]. The
difference in performance between ability groups on this
task were not significant, however, for grades 2 and 4.
As with the category match task, there were
significant differences between ability groups in response
time performance on the syntactic analysis task for grade 3
only [ F ( 2 , 19) = 28.01, p < .007, MSe = 1300000].
For the sentence comprehension task, there was a
significant difference between ability groups in response
time performance for grade 3 [F(2, 19) = 27.20, p < .007,
MSe = 980000], a marginally significant difference for
grade 4 [F(2, 23) = 5.96, p = .008, MSe = 778856], and a
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difference that was significant at the conventional 5 %
level for grade 2 [F(2, 29) = 3.58, p < .05, MSe =
3000000]
.
To summarize these results (refer again to Figure 6),
the two lower level tasks (simple reaction time and Posner
letter match) show little discrimination between ability
groups. Word and pseudoword naming times did tend to vary
systematically with reading ability for grade 2 and 3. For
grade 3, each of the upper level tasks (the category match
task, the syntactic analysis task, and the sentence
comprehension task) showed differences in performance by
ability groups, while of the higher level tasks, only the
sentence comprehension task discriminated between ability
groups for grades 2 and 4.
Figure 7 shows the mean accuracy of responses on each
of the computer tasks by reading book level for each grade.
As can be seen in the figure, there were no significant
differences between accuracy of performance for the simple
reaction time task and the Posner letter match task for
grades 2
,
3
,
and 4
.
The naming tasks did show some differences between
ability groups in accuracy of performance. In grade 2,
these differences were significant when the family-wise
error rate was controlled at 5% by evaluating each of the
.007 level [words, F(2, 30) = 15.96, p < .007, MSe =
.01111; pseudowords, F(2, 30) = 12.81, p < .007, MSe =
.02360]. In grade 3, word naming accuracy was marginally
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significant [F(2, 15) = 6.81, p = .008, MSe = .00132] and
pseudoword naming accuracy was significant at the
conventional 5% level [F (2
, 15) =4.84, p < .05, MSe =
.01451], In grade 4, word naming accuracy was not
significant, but pseudoword naming accuracy was significant
at a conventional 5% level [F(2, 323 = 5.59, p < .05, MS e =
.00891]
.
Of the upper level tasks (category match, syntactic
analysis, and sentence comprehension) only the sentence
comprehension task in grade three showed a significant
effect of ability group in accuracy of performance the
conventional 5% level [F(2, 19) = 3.86, p < .05, MSe =
.66667], As can be seen in the figure, performance on
these tasks exhibited ceiling effects and therefore showed
little discrimination between ability groups.
To summarize these results, while there were some
differences between ability groups in accuracy of
performance on word and pseudoword naming, performance on
the other tasks was at ceiling and, therefore, showed
little differences between the groups.
Differences between ability groups were further
examined using relative performance on the SVT listening
and reading comprehension tests as an index of reading
ability. As noted earlier, the relationship between
listening and reading comprehension performance is
considered by many researchers to indicate whether a child
is reading up to his or her potential. This is often
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and
considered an indication of reading ability. This was
empirically demonstrated in a study by Royer, Sinatra,
Schumer (1989) which compared the relative development of
listening and reading skills. They showed that students
with low standardized reading test scores had SVT listening
scores considerably higher than their SVT reading scores.
Conversely, students with high standardized reading tests
scores had SVT reading scores that were superior to their
listening scores.
A difference score was obtained for each subject by
subtracting each student's reading comprehension score from
his or her listening comprehension score. Those students
who have comparable listening and reading scores had
difference scores close to zero. Those students whose
listening scores were considerably higher than their
reading scores showed large positive value difference
scores. Those students whose reading scores were
considerably higher than their listening scores showed a
large negative value difference scores. The upper and
lower quartiles of the distribution of these difference
scores was obtained using a stem and leaf plot to form two
groups; those students whose listening scores were
considerably superior to their reading scores and those
students whose reading scores were considerable superior to
their listening scores. (Note that these two groups
consist of students in grade 3, 4, and 5. Subjects in
grade 2 were not administered reading tests, and therefore,
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no difference score could be computed for these students.)
Subjects whose listening scores were considerably higher
than their reading scores could be considered to be less-
skilled readers as they are not reading up their potential
as indicated by their listening ability.
Figure 8 shows the performance of these two groups of
subjects on each of the computer tasks. Response times and
response accuracies are plotted separately. Looking first
at the response time data, there was little difference
between the two groups on the simple reading time task and
the Posner letter match task. However, differences between
the two groups are evident on the other tasks. The nature
of these difference is that the listening superior group
(those who are not reading up to potential) showed longer
response times than the reading superior group. Separate
ANOVAs for each task revealed that these differences, while
quite large in magnitude (nearly 4 00 msec, for the
syntactic analysis task) were not significant. However, by
combining data from the different grade levels (which were
shown earlier to be significantly different) considerable
within group variance is added, which results in a less
powerful test of the significance of these differences.
These analyses were not conducted separately by grade,
however, as there would be insufficient numbers of students
in each grade that would appear in the upper and lower
quart ile of a distribution of difference scores.
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There were no significant difference between these two
groups in their response accuracies. Response accuracies
were near ceiling on most tasks.
Examination of the Performance of the System
in Terms of Theoretical Assumptions
In this section, results are presented that speak to
the issues concerning the theoretical basis for the
development of the system and its potential effectiveness
as a diagnostic instrument.
Examination of the Posner Letter Match Effect
The general finding when this task is administered is
that the physical match condition is faster than the name
match condition. This is thought to reflect the additional
time necessary to access the name code from memory. As
seen earlier in Figure 2, these data reflect this pattern
of results. Separate ANOVA's were computed at each grade
level to test the significance of this effect. This result
was significant at each grade level (grade 2, F = 26.12, p
< .01, MSe = 33101.8, grade 3, F = 33.51, p < .001, MSe =
9156.53, grade 4, F = 36.48, p < .001, MSe = 8046.19, grade
5, F = 20.78, p < .001, MSe = 31811.56).
It was hypothesized that there may be a greater
difference between the physical match and the name match
conditions for the less-skilled readers than the skilled
readers. While there may be little difference in skilled
and less-skilled readers ability to make a physical match
decision, skilled readers may be able to access name codes
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from memory faster than less-skilled readers. it is not
unreasonable that speed of access to memory could
distinguish skilled readers from less-skilled readers.
Separate ANOVA's were computed for grades 2, 3, and 4
using reading book level as a between subjects effect and
the three conditions of the Posner letter match tasks as
three levels of a repeated measures factor. The expected
result for these analyses was a significant interaction
showing that there was a greater difference between the
physical and name match conditions for the lower reading
groups than for the higher reading groups.
The results of these analyses showed that while there
was a significant effect of the Posner condition at each
grade level, there were no significant interactions between
the Posner conditions and reading book level. Further, an
examination of the means contributing to these interactions
did not show a consistent pattern of longer differences
between conditions for lower reading groups at each grade.
Examination of the Difference in Word and Pseudoword Naming
Times for Readers of Different Abilities
It was expected that pseudowords would take longer to
name on average than words as no pseudowords can be
recognized automatically. It was also hypothesized that
there may be a greater difference between word and
pseudoword naming times for the less-skilled readers than
the skilled readers. As noted earlier, this expectation
was based on the assumption that while skilled and less-
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skilled readers may have some words in common in their
sight vocabularies, less-skilled readers would, presumably
have less well developed word attack skills.
Separate ANOVA's were computed for grades 2, 3
,
and 4
using reading book level as a between subjects effect and
word and pseudoword naming times as two levels of a
repeated measures factor. The expected results for these
^ri^lyses were a main effect showing longer pseudoword
naming times than word naming times and a significant
interaction showing that there were greater differences
between the word and pseudoword naming times for the lower
reading groups than for the higher reading groups.
The results of these analyses showed that pseudowords
take longer to name than words at every grade level [grade
2 F ( 1 , 30) = 21.41, p < .001, MSe = 98931.5; grade 3, F =
(1, 15) = 17.97, p < .001, MSe = 130000; grade 4 F(l, 23) =
29.26, p < .001, MSe = 12158.2], In grade 3, there was a
significant interaction between word and pseudoword naming
time and reading book level [F(2, 15) = 8.249, p = .004,
MSe = 130000]. The difference between mean naming times
for words and pseudowords for the three reading book levels
in msec, were 1211, 206, and 128.
While the expected pattern of results was evident in
the grade 3 data, this interaction failed to reach
significance in grade 2 and 4. The pattern of the
differences between the mean naming times for words and
pseudowords, however, was somewhat consistent with
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expectations in both grades, in both grades, the highest
reading group showed a smaller difference between naming
times than the lowest reading group.
Relationship of the Computer Tasks to Listening and RPaHinq
Ability
One question of theoretical interest is the
relationship of the computer tasks to listening and reading
ability. As the computer battery was constructed in an
effort to assess component reading skills, it was expected
that the computer battery measures should relate more
strongly to reading ability than listening ability. Tables
9-12 show a correlation matrix of reading book level,
listening and reading SVT scores, and response time and
response accuracy measures on each computer task for each
grade. Examination of the correlations between each of the
computer tasks and reading book level, reading SVT scores,
and listening SVT scores revealed that, in general,
performance on the computer tasks related more closely to
reading book level and reading SVT scores than to listening
SVT scores.
Looking again at these same correlations, note that
the relationship between measures of accuracy of
performance on the computer tasks and indices of ability
(reading book level and reading and listening SVT) was
stronger than the relationship of response time measures of
performance and indices of ability for grade 2 subjects.
This pattern of relationships was reversed, however, for
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subjects in grades 3, 4, and 5. in these grades, the
relationship between measures of accuracy on the computer
battery and indices of ability was less strong than the
relationship between measures of response time and indices
of ability. Recall, though, that for the higher grades,
accuracy of performance on most of the computer battery was
at ceiling. This resulted in a truncated distribution and
could have contributed to the relatively lower correlations
of accuracy measure and ability measures in the higher
grades.
Examination of the Relative Utility of Each of the Computer
Tasks
One important question that speaks both to the
validity of the assessment system and to the theoretical
issues that form its basis is: to what extent do each of
the components of the system provide information regarding
subjects' reading ability? In other words, what is the
relative predictive power of each of the components of the
assessment system? This is a validity issue because it
gives a sense of the relative information gained about a
subject's reading ability by the inclusion of that
particular task in the assessment battery. This is also a
theoretical issue because each of the tasks were included
for theoretical reasons. If a task does not contribute to
the prediction of ability, there may be cause to question
the theoretical assumptions that led to its inclusion in
the battery. Recall, however, that each task was included
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in the battery for its particular diagnostic potential, not
its predictive potential, and there may be sufficient
reason to retain a task that does not significantly
contribute to the prediction of reading ability.
In order to assess the relative contribution of each
task to the prediction of reading ability, regression
analyses were conducted with data from grades 2, 3, and 4
,
using both reading book level and reading SVT scores as
criterion variables and the components of the assessment
system as predictor variables. These analyses were done
two ways: first, with the computer battery tasks as
predictor variables, and then including SVT scores as
predictors along with each of the computer tasks. Each
task was entered into the regression equation in a forced,
stepwise manner, in the order in which they were
administered. That is, SVT tests scores were entered
first, then each of the computer battery tasks in the
following order: simple reaction time, Posner letter match
tasks, word naming, pseudoword naming, syntactic analysis,
and sentence comprehension.
Components of the assessment system were added into
the regression equation in this order to see if each
additional task in the battery captures a unique portion of
variance. In other words, if it is the case that all the
variance in reading ability is accounted for by the first
three tasks, then in one sense, there would be no need for
the administration of the rest of the tasks in the battery
,
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unless they provide information that is useful for
diagnostic reasons. These analyses were done with both the
SVT test included and excluded to see what contribution the
computer tasks make on their own, apart from the
comprehension tests.
Figure 9 graphically depicts the cumulative proportion
of variance accounted for in reading book level by the
addition of each new predictor in the regression eguation.
(Appendix C includes separate tables showing the number of
subjects contributing to the analyses, the change in R2
attributed to the addition of each predictor, and the
significance of the proportion of variance accounted for by
each variable for each regression analysis for each grade.)
The top half of Figure 9 depicts the proportion of variance
accounted for by the computer tasks. The bottom half of
the figure shows the proportion of variance accounted for
when SVT test scores are included as predictors. The
change in the proportion of variance accounted for by the
addition of each new predictor variable can be seen by
comparing the height of each adjacent bar.
Several observations can be made from this figure.
First, note that the total proportion of variance accounted
for in reading book level by the computer tasks was .57 for
grade 2, .91 for grade 3, and .45 for grade 4. The
addition of SVT test scores as predictors brought these
numbers to .57 for grade 2, .93 for grade 3, and .60 for
grade 4. Note that listening SVT scores added virtually no
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reading book
additional variance to the prediction of
levels for grade 2 students. SVT listening and reading
scores did, however, add additional variance accounted for
in the prediction of reading book levels for the grade 3
and 4 students.
The pattern of the change in variance accounted for by
the addition of each new task into the regression equation
was quite different for each of the grades. Looking at the
top half of the figure, it can be seen that the lower level
tasks (simple reaction time and Posner letter match)
accounted for virtually no variance in reading book level
for grade 2 students. A significant amount of variance was
then accounted for by the addition of the word naming task
(R^ = .3628, F = 16.52, p < .001). The next significant
change in amount of variance accounted for came with the
addition of the sentence comprehension task (R2 = .1469, F
= 8.25, p < . 01)
.
For grade 3, quite a different pattern was evident.
The simple reaction time task contributed significantly to
the prediction of reading book level (R2 = .4985, F =
19.88, p < .001). The next significant change in the
amount of variance accounted for came with the addition of
the word naming task, (R2 = .1742, F = 9.13, p < .01) the
category match task (R2 = .0721, F = 4.98, p < .05) and the
syntactic analysis task (R2 = .0802, F = 9.43, p = .01).
The pattern for the grade 4 data showed no tasks are
significant predictors of reading book level until the
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addition of the category match task (R2 =
.1388, F = 4.68
E < .05). These patterns tended to hold when SVT test
performance was added to the regression equation.
Figure 10 shows these same results when SVT reading
scores were used as the criterion variable. (Note that
grade 2 data were not available as only SVT listening tests
were administered to grade 2 students)
.
Note that the total proportion of variance accounted
for in reading SVT by the computer tasks was .49 for grade
3, and .26 for grade 4. The addition of SVT listening
scores as predictors brought the total proportion of
variance accounted for to .73 for grade 3, and .36 for
grade 4
.
The pattern of the change in variance accounted for by
the addition of each new predictor was somewhat similar to
that seen in Figure 9. For grade 3, the simple reaction
time task contributed significantly to the prediction of
reading SVT (R2 = .1683, F = 4.86, p < .05) as did word
naming (R2 = .1624, F = 4.37, p < .05). When SVT listening
was entered into the equation, it contributed significantly
to the prediction of SVT reading, (R2 = .4889, F = 22.96, p
< .001) simple response time dropped out as a significant
predictor, and word naming remained a significant predictor
(R2 = .1699, F = 9.10, p < .01).
For grade 4, word naming was the only variable to
significantly contribute to the prediction of reading SVT
(R2 = .1823, F = 7.61, p < .01). When SVT listening was
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added to the equation it was a significant predictor of SVT
reading (R2 = .2978, F = 14.42, E < .001) and word naming
dropped out as a significant predictor.
Examination of the Relative Differences between Reading
Book Level Groups over Tasks
One theoretical question regarding the relative
performance of different ability groups on the component
skills tested by the computer battery is: what is the
effect of having a deficit in lower level skills on the
performance of tasks requiring upper level skills? It was
hypothesized that less-skilled readers may have
nonautomated lower level skills that would be evidenced in
poorer performance on lower level skills than the skilled-
readers. It was also hypothesized that these nonautomated
processes may contribute to increasing deficits in their
higher level skills. Therefore, it was expected that there
may be increasing differences in performance between
skilled and less-skilled readers as the tasks become more
difficult.
As was shown in Figure 6, performance varied as a
function of reading book level such that students in lower
reading book levels showed slower performance on the
computer tasks than students in higher reading book levels.
It was hypothesized that these differences may be greater
for higher level tasks. This question was examined by
determining the proportion of variance accounted for in
response time on each task by differences in ability
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groups. If it is the case that there is an increasing
difference in performance between ability groups as the
tasks tap skills higher in levels of processing, then it
should be the case that more variance in performance would
be accounted for by differences in ability groups for the
upper level tasks than the lower level tasks.
Table 13 shows the proportion of variance attributable
to differences in reading book level for each task for
grades 2, 3, 4. These proportions were determined by
conducting individual ANOVA's for each grade using reading
book level as a between subjects variable and response time
performance on each task as the dependent measure. Then,
for each task, the proportion of variance accounted for was
determined by calculating as estimate of omega squared
(CO 2 ). The formula used to calculate these estimates was
^ 2 = SS between - (J-l) MS within/ SS total + MS within,
taken from Hays (1981, p. 349)
.
As can be seen in the table, the pattern of the
proportion of variance due to ability groups for each task
was different for each grade. For grade 2, differences in
ability groups accounted for the most variance in word and
pseudoword naming performance, more than was accounted for
in the lower level or upper level tasks. For grade 3,
ability groups accounted for a substantial proportion of
variance in each task. For grade 4, the highest level
task, sentence comprehension, showed the greatest
proportion of variance attributable to ability groups.
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Taken together, across the three grades, these data did not
show consistently increasing difference between ability
groups across tasks. Note, however, that the greatest
amount of variance due to ability level for grades 3 and 4
was in the highest level task. This may indicate a
different developmental pattern, such that the increased
deficit in performance on upper level tasks may only begin
to be evident in the upper grades.
Note that patterns of data seen in Table 13 are quite
consistent with those revealed by the regression analyses
shown in Figures 9 and 10. As with the regression
analyses, these results could be taken as an indication of
the power of each task to discriminate between ability
groups. Those tasks that show a high proportion of
variance due to ability groups are discriminating well
between subjects of different levels of competence. As was
seen earlier, the word and pseudoword naming task
discriminated well between ability groups at each grade
level, but particularly at grade 2. The upper level tasks,
however, did provide additional discriminability at the
upper grade levels.
An additional regression analysis was performed to
further elucidate the relationship of ability to
performance on tasks of different processing difficulty.
In this analysis, each task served as a criterion variable
and reading SVT served as a predictor. This was done for
grades 3 and 4. Tables 14 and 15 show the results of these
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analyses. As can be seen from the tables, the similar
patterns are evident. in grade 3, SVT reading performance
was a significant predictor of response time for all tasks
except the Posner letter match task. In grade 4, SVT
reading performance was a significant predictor of word and
pseudoword naming performance and sentence comprehension.
These patterns are consistent with those obtained when
examining the proportion of variance accounted for using
CO 2 and with the earlier regression analyses.
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Table 2
Sentence Verification Technique Test Rel i abil i t iCronbach / s Alpha ^ ~ using
Test N Mean SD Number
of Items
Alpha
Grade 2 36 40.83 5.05 46 . 80
Listening
Grade 3
Listening 26 53.81 8.14 60 .90
Reading 26 50.73 5.43 61 .69
Grade 4
Listening 36 53.83 3.93 56 .54
Reading 36 53.44 5.56 62 .75
Grade 5
Listening 9 55.33 5.01 36 .78
Reading 9 51.56 12.03 58 .95
Note . Total number of items for Grade 2 = 48. Total
number of items for Grade 3, 4, and 5 = 64. Those items
excluded from the computation of Cronbach's Alpha have null
variances
.
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Table 3
Means, Standard Deviations
, and Standard Errors ofMeans—o_f—Response Time on Computer Tasks
Task Na Mean SD SE
Simple RTb 25 738.99 85.52 14.45
Posner Letter Matchb
Physical Same 12 933.29 68.48 19.77
Name Same 12 1112.06 87.86 25.36
Different 24 1147.63 81.57 16.65
Word Naming
Difficulty 1 20 690.69 46.87 10.75
Difficulty 2 20 737.44 51.73 11.86
Difficulty 3 20 853.89 121.03 27.77
Difficulty 4 20 1207.82 229.51 52.65
Pseudoword Naming
Difficulty 1 20 901.42 82.73 18.97
Difficulty 2 20 1066.10 91.17 20.92
Difficulty 3 20 1266.92 163.89 37.60
Difficulty 4 20 1374.07 243.82 55.94
Category Match 20 2149.80 288.65 53.49
Syntactic
Analysis 20 5001.90 622 . 01 142.69
Sentence
Comprehension 20 4927.93 756.73 173 . 60
aNumber of item means.
t*Means for these tasks are based on trials, not items.
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Table 4
Reliability Indices of Response for Commil-Pr
Stimulus Sets bv Grade " '
Task Grade
2 3 4
Word Naming
Difficulty 1 .95 .94
.94
Difficulty 2 .94
. 89 .88
Difficulty 3 .89 .88 .97
Difficulty 4 .97 .84 .94
Pseudoword Naming
Difficulty 1 .95 .94 .93
Difficulty 2 .95 .98 .92
Difficulty 3 .97 .97 .93
Difficulty 4 .97 .90 .94
Category Match .94 .97 .96
Syntactic
Analysis .92 .96 .95
Sentence
Comprehension .94 .96 .96
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Table 5
^lean Proportion Correct on Sentence Verification TechniqueTests by Passage, Modality
r
and Grade 9
Test Passage Level3
Below On On Above Total
Grade 2
Listening
.83 .86 .86 .85
Grade 3
Listening .91 .89 .81 .75 .84
Reading .74 .88 .79 .76 .79
Grade 4
Listening .88 .78 .88 .82 .84
Reading .88 .78 .87 .81 .84
Grade 5
Listening .85 .85 .90 .85 .86
Reading .82 .80 .79 .81 .81
Note . Total number of items for Grade 2 = 48. Total
number of items for Grade 3, 4, and 5 = 64. Number of
subjects; Grade 2 = 35, Grade 3 = 26, Grade 4 = 36, Grade
5=9. aPassage level indicates the grade level of the
passage relative to the grade level of the examinee.
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Table 6
Ffleans and Standard Deviations of Response Times on eanhComputer Task bv Grade
Task Grade
2 3 4 5
Simple RT
Posner Letter Match
819. 46a
153. 52b
39c
778.25
208.74
27
652 . 38
121.38
37
628 . 60
121.53
9
Physical Same 1083.77
292.54
39
988.37
251.78
27
827.23
152.84
37
744 . 39
101.71
9
Name Same 1241.65
279.31
39
1148.47
314 . 52
27
955.78
198.86
37
866.88
90.02
9
Different 1381.40
380.57
39
1190.38
291.04
23
998.29
167.39
37
909.49
108.83
9
Word Naming
Difficulty 1 781.17
252.38
38
656.33
107.76
23
607.96
102 . 66
37
564.87
91.02
9
Difficulty 2 871.70
456.44
38
733 . 00
275.15
23
627.88
131.92
37
571.92
121.00
9
Difficulty 3 1154.93
1161.19
38
762.19
265.43
23
643.47
130.46
37
589.55
144.40
9
Difficulty 4 1646.73
1161.95
38
1254.87
1109.62
23
844 . 69
509.00
37
continued,
674.93
254.70
9
next page
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Table 6
Pseudoword Naming
Difficulty l 1102.23
508 . 50
38
939.28
522.87
23
745.02
161.47
37
663.90
180.82
9
Difficulty 2 1368.85
831.80
38
1141.84
842.91
23
801.88
207.89
37
770.86
294.79
9
Difficulty 3 1638.93
1001.57
38
1446.40
1251.73
23
915.68
275.19
37
782.40
251.86
9
Difficulty 4 1776.39
1247.32
38
1654.22
1465.65
23
949.83
262 . 53
37
898 . 01
391.96
9
Category Match 2743 . 69
875.04
36
2202.70
851.90
27
1723 . 85
569.60
37
1366.93
343.80
9
Syntactic
Analysis 6335.86
1880.50
36
5276.86
1938.69
27
3920.31
959.71
37
3340.79
1062.73
9
Sentence
Comprehension 6389.85
1855.73
36
4923.40
1704.14
27
3899.61
1295.23
37
2994 .38
763.34
9
aMean response time in msec.
^Standard deviation.
cNumber of subjects.
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Posner Letter Match Task
Mg90
Qfade 2 Grad* 0 Grade 4 Grade 6
Physical Match G53Name Matoh ES3 Different
Word and Pseudoword Naming
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Grade 2 Grade 3 Grade 4 Grade 6
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Category Match Task Sentence Tasks
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Figure 2 . Mean Response Times for each Computer Task by
Grade
.
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Naming Time - Grade 2
Msec
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Figure 3. Word and Pseudoword Naming Times by Difficulty
Level for each Grade.
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Table 7
Means and Standard Deviations of Response Accuracy on oarh
Computer Task by Grade
Task Grade
2 3 4 5
Simple RT
. 94 a .94 .94 .94
. 065b .057 .055 . 047
39c 27 37 9
Posner Letter Match
Physical Same .97 .97 .97 .97
. 049 . 052 . 045 . 039
39 27 37 9
Name Same .90 .94 .91 .96
. 099 .068 .085 .055
39 27 37 9
Different .94 .96 .95 .95
.060 .052 . 056 . 053
39 27 37 9
Word Naming
Difficulty 1 .97 .99 .99 .99
. 050 .017 . 014 . 023
38 23 37 9
Difficulty 2 .92 .99 .99 .99
. 130 .025 .018 . 021
38 23 37 9
Difficulty 3 .87 .99 .98 .97
.226 .027 . 032 . 066
38 23 37 9
Difficulty 4 .67 .91 .93 .91
.275 . 137 . 131 . 195
38 23 37 9
continued, next page
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Table 7
Pseudoword Naming
Difficulty 1 .83 .90 .92 .90
.205 .130
. 107
. 177
38 23 37 9
Difficulty 2 .70 .87 .88 .89
.241
. 134
. 129 .241
38 23 37 9
Difficulty 3 .60 .80 .81 .80
.254
. 181
. 196
. 282
38 23 37 9
Difficulty 4 .58 .81 .79 .76
.227 . 157 . 198 .24
38 23 37 9
Category Match .90 .94 .92 .93
.103 .057 . 079 . 048
36 27 37 9
Syntactic
Analysis .93 .94 .92 .93
. 104 . 059 . 075 . 071
38 23 37 9
Sentence
Comprehension .92 .96 .94 .94
. 120 . 060 . 072 . 052
38 23 37 9
aMean proportion correct.
^Standard deviation.
cNumber of subjects.
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Posner Letter Match Task
Proportion Correct
Word and Pseudoword Naming
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Figure 4 . Mean Response Accuracies for each Computer Task
by Grade.
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Figure 5. Proportion of Words and Pseudowords Named
Correctly by Difficulty Level for each Grade.
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Table 8
Number of Sub-jects in each Reading Book Level bv ararig
Reading Book
Level
Grade
2 3 4 5
1.3
2.1
2.2
2.3
3.1
3 .
2
3.3
4.1
4.2
4.3
5.2
5.3
6.1
6.2
6.3
8.1
3
1
7
8
3
6
5
3
1
1
9
1
6
6
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Response Tune by Reading Book Level « ^
Grade 2
Response Time by Reading Book Level
Grade 3
0000
Msso
0000
4000
2000
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Figure 6. Mean Response Times for each Computer Task by
Reading Book Level for each Grade.
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Accuracy by Reading Book Level
Grade 2 Accuracy by Reading Book Level
Grade 3
Proportion Oorreot
E
E
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Figure 7. Mean Response Accuracies for each Computer Task
by Reading Book Level for each Grade.
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Response Times on Computer Tasks by
Relative Listening/Reading Performance
8lmpie Po8nor Word Peeudoword Category Syntax Sentence
Tasks
I Listening Superior GK3 Reeding Superior
Response Accuracy on Computer Tasks by
Relative Listening/Reading Performance
Proportion Correot
Simple Posner Word Pseudoword Category Syntax Sentence
Tasks
Hi Listening Superior ESS Reeding Superior
Figure 8. Mean Performance on Computer Tasks by Subjects
with Listening Skills Superior to Reading and
Subjects with Reading Skills Superior to
Listening.
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Table 9
Pairwise Correlat ion Matrix of Reading Book Level, svt Te st-Scores
,
—
a
nd—Computer Battery Measures for Grade 2
Variable Correlations
1 2 3 4 5 6 7 8
RdBook (1) 1.00
ListSVT (2) .20 1.00
SimAc (3) .22 --.01 1.00
SimRT (4) .01 --.16 .24 1.00
PosAc (5) . 09 --.14 . 10 .01 1.00
PosRT (6) . 01 --.32 . 19 . 60c . 24 1.00
WordAc (V) . 73 c . 3 6a .04 .09 . 02 .09 1.00
WordRT (8) — . 60b --.16 .04 . 02 .04 -.03 -- . 74 c 1.00
NonwAc (9) . 65c .32 .14 -.02 . 34 a . 10 . 8 6C -- . 55b
NonwRT (10) - . 60b -- . 40a . 17 . 18 --.09 .22 -- . 8 lc . 86c
CatAC (11) . 4 8b .20 .03 . 35a - .08 .20 .77 c --. 59b
CatRT (12) -.17 .05 -.05 .29 . 02 . 52b . 14 .23
SynAC (13) . 58b . 40a . 18 . 39 a . 02 .22 . 73 c -- . 44 b
SynRT (14) -.22 . 05 -.15 . 19 -.06 . 38 a . 01 .25
SenAC (15) . 51b . 34 -.00 . 39 a -.10 .31 . 83 c -- . 58b
SenRT (16) -.22 . 06 -.25 .27 •-.14 . 41a . 09 . 15
Note: Minimum pairwise N = 29. RT = response time
measure. AC = accuracy measure.
a
= p < .05. b = p < .01. c = p < .001.
continued, next page
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Table 9
Variable
9 10
Correlations
11 12 13 14 15 16
NonwAc (9) 1. 00
NonwRT (10) 64 c 1.00
CatAC (11) . 42b - . 67c 1.00
CatRT (12) . 08 .11 . 39 a 1.00
SynAC (13) . 51b - . 54b . 7
6
C
. 37 a 1.00
SynRT (14) 01 . 14 .29 . 8
l
c
.27 1.00
SenAC (15) . 54b - . 62b . 82c . 35a . 8 lc .28 1.00
SenRT (16) 02 -.04 . 4 3b .81°
. 33 a . 87 c . 4 3b 1.00
Note: Minimumi pairwise N = 29. RT = response time
measure . AC = accuracy measure. a = p < .05. b = p <
.01. c = p < .001.
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Table 10
gairwise Correlation Matrix of Reading Book t,pvp 1
Scores
,
—and Computer Battery Measures for Grade 3
SVT Test.
Variable Correlations
1 2 3 4 5 6 7 8 9
RdBook (1) 1.00
ListTot (2) . 56b l . 00
ReadTot (3) . 68b . 7 0b l . 00
SimAc (4) -.18 . 12 .23 1 . 00
SimRT (5) - . 7
l
b
-
. 45a- . 4 la .36 1 . 00
PosAc (6) -.31 . 06 .20 . 44 a .42 1 . 00
PosRT (7) -. 69b- . 48 a- .33 .21 . 75c . 4
6
a l . 00
WordAc (8) . 7 5b . 37 . 44 a- .13 -
. 47 a- .25 - . 58b l . 00
WordRT (9) - . 7 b- .21 - . 55b . 06 . 48 a .30 .36 - . 59b l . 00
NonwAc (10) . 74b .31 . 44 a- .14 - .33 - .38 - . 49 a . 84 c- . 72b
NonwRT (11) - . 7 8b- .30 - . 62b . 03 . 52 a . 18 . 51a - . 63b . 90c
CatAC (12) . 14 .10 .32 .14 - . 02 . 19 . 19 .12 - . 59b
CatRT (13) - . 84 c- .35 - . 45a . 15 . 55b . 40a . 77 c- . 83 c . 7 0b
SynAC (14) -.09 .01 .04 . 4 0a .16 . 19 .28 - . 06 . 13
SynRT (15) - . 92c- . 49 a - . 62b .14 . 64b . 34 . 74 c- . 79 c . 77 c
SenAC (16) .36 . 16 . 54b .25 - . 12 . 01 .02 .16 - . 55b
SenRT (17) - . 92 c- . 52b- . 61b . 13 . 66b . 37 . 77 c- .78° . 72b
Note: Minimum pairwise N = 18. RT = response time
measure. AC = accuracy measure. a =p<.05. b = p <
. 01 . c = p < . 001
.
continued, next page
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Table 10
Variable
10 11 12
Correlations
13 14 15 16 17
NonwAc (10) 1.00
NonwRT (ii) - . 72b 1.00
CatAC (12) .31 --.40 1.00
CatRT (13) - . 84 c . 78c -.07 1.00
SynAC (14) -.09 .25
. 4 la .24 1.00
SynRT (15) - . 82 c . 88c -.17
. 90c . 17 1.00
SenAC (16) .27 -- . 56b
. 60b -.18 .26 -.34 1.00
SenRT (17) - . 80c . 83 c -.08
. 90c .26 . 97c -.28 1.00
Note: Minimum pairwise N = 18. RT = response time
measure. AC = accuracy measure. a =p< .05. b =p<
.01. c = p < .001.
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Table 11
Pairwise Correlation Matrix o f Reading Book Level
,
svt TestScores
,
—and Computer Battery Measures for Grade 4
Variable Correlations
2 3 4 5 6 7 8
RdBook (1) 1.00
ListTot (2) . 62b l . 00
ReadTot (3) . 55b . 55b l . 00
SimAc (4) -.19 - . 00 .14 1 . 00
SimRT (5) -.19 - .21 - . 06 .26 1 . 00
PosAc (6) -.19 - .25 - .27 . 14 . 33 a l . 00
PosRT (7) -.37 - .21 - .21 - .02 . 64 c .26 1 . 00
WordAc (8) .35 . 47b . 59b .14 - .10 - .31 - .19 1 . 00
WordRT (9) - . 45a- . 56b- . 48b- . 17 . 19 . 17 . 44b- . 82 c l .00
NonwAc (10) . 56b . 33 a .32 .04 - .25 - .20 - .27 . 79c- .71°
NonwRT (11) - . 43 a- . 4
4
b
-
. 36a . 13 .27 .25 . 36a - . 45b . 63 c
CatAC (12) . 07 . 02 .04 . 10 .29 . 39 a . 34 a .20 - . 12
CatRT (13) -.22 - .27 - .27 - . 17 . 4 la .26 . 74c- . 57b . 7 lc
SynAC (14) .28 . 06 .27 .25 .09 .16 - . 12 .28 - .30
SynRT (15) -.35 - . 4 la- .30 - .06 . 47b .32 . 66c- . 47b . 67 c
SenAC (16) -.07 - . 12 . 11 . 33 a .29 .26 .20 .06 - .02
SenRT (17) - . 42 a- . 49b- . 39 a- . 10 . 37 a .21 . 56b- . 7
0
C
. 8 lc
Note: Minimun pairwise N = 25. RT = response time
measure. AC = accuracy measure. a =p<.05. b = p <
.01. c = p < .001.
continued, next page
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Table 11
Variable
10 11 12
Correlations
13 14 15 16 17
NonwAc (10) 1.00
NonwRT (11) - . 51b 1.00
CatAC (12) .26 . 17 1.00
CatRT (13) - . 56b . 49b . 14 1.00
SynAC (14) .27 .02 . 34 a -.04 1.00
SynRT (15) - . 50b . 54b
. 18 . 79 c -.09 1.00
SenAC (16) .00 . 16 . 52b .05 . 39 a . 12 1.00
SenRT (17) - . 67c . 56b -.08
. 81c -.18 .78° .04 1.00
Note: Minimun pairwise N = 25. RT = response time
measure. AC = accuracy measure. a =p<.05. b =p<
.01. c = p < .001.
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Table 12
Pairwise Correlation Matrix of Reading Book Level . q\/T TestScores
,
—and Computer Battery Measures for Grade 5
Variable Correlations
1 2 3 4 5 6 7 8 9
RdBook (1) 1.00
ListTot (2) . 67 a l . 00
ReadTot (3) . 73 a .37 1.00
SimAc (4) -.35 -.41 -.47 1 .00
SimRT (5) - . 74 a- . 73'a-.64 .14 1 . 00
PosAc (6) -.33 -.32 -.16 - .06 .43 1 . 00
PosRT (7) -.61 -.56 - . 72 a .42 .51 - .21 1.00
WordAc (8) . 72 a .28 . 99c- .46 - .60 - .20 -.62 1.00
WordRT (9) - . 73 a- . 4
1
-
. 97 c . 53 . 68 a . 11 . 67 a- . 97 c l . 00
NonwAc (10) . 77 a .41 . 99c- .44 - . 7
0
a
-
.23 - . 70a . 99 c - .97'
NonwRT (11) — . 78 a- . 60 -.95b .53 . 77 a . 13 . 7 6a - . 90b . 96 1
CatAC (12) .01 -.10 .18 - .23 .34 .43 -.55 .15 - . 07
CatRT (13) - . 75a- . 30 - . 78 a .29 . 7 0a- . 01 .55 - . 80b .84
SynAC (14) .34 -.06 .59 - .45 . 14 . 16 -.59 .59 - .47
SynRT (15) - . 82b- . 4 - . 90b .29 . 82b . 19 .62 - . 90b .92
SenAC (16) .56 .21 .57 .01 - .25 - .23 -.57 .58 - .46
SenRT (17) - . 88b- . 55 - . 84b . 18 . 88b .23 . 67 a- . 82b .85
Note: Number of subjects = 9. RT = response time measure
AC = accuracy measure.
a
= p < .05. b = p < . 01. c = P < .001 .
continued, next page
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Table 12
Variable
10 11 12
Correlations
13 14 15 16 17
NonwAc (10) 1.00
NonwRT (11) -.95b 1.00
CatAC (12) .13 --.03 1.00
CatRT (13) — . 80b .77 a -‘.02 1.00
SynAC (14) .54 --.40
. 78 a -.25 1.00
SynRT (15) - . 92b . 89b .04
. 95b -.29 1.00
SenAC (16) . 60 --.43 .58 -.37
. 69 a -.46 1.00
SenRT (17) - . 87b . 87b .05 . 89b -.23
. 97c -.52 1.00
Note: Number of subjects =9. RT = response time measure.
AC = accuracy measure. a =p<.05. b =p<.01. c = p <
. 001 .
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Variance Accounted for in Reading Book
Level by Tasks for each Grade
1
0.8
o.e
0.4
0.2
0
B Grade 2 E3 Grade 3 EED Grade 4
Variance Accounted for in Reading Book
Level by SVT and Tasks for each Grade
^
Proportion of Varlanoe (Cumulative)
List 8V1 Rd 8V1 Simple Posner Word PseudowrCategory Syntax Sentence
I Grade 2 G53 Grade 3 EZ3 Grade 4
Figure 9. Cumulative Proportion of Variance Accounted for
in Reading Book Level by each of the Component
Tasks Plotted Separately for Grade 2, 3 and 4.
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Variance Accounted for in Reading SVT
Score by Tasks for Grades 3 and 4
Grade 3 E53 Grade 4
Variance Accounted for in Reading SVT
by Listening SVT and Tasks
for Grades 3 and 4
Proportion of Varlanoe (Cumulative)
List 8V7 Simple Posner Word Pseudowd Category 8yntax Sentence
Hi Grade 3 GS3 Grade 4
Figure 10. Cumulative Proportion of Variance Accounted for
in Reading SVT by each of the Component Tasks
Plotted Separately for Grade 2, 3 and 4.
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Table 13
Proportion of Variant Attributable to Di ffprpnnoe
Readina Book Level for Each Task by Grade
± 11
Task Grade
2 3 4
Simple RT
.04
. 44 c
.04
Posner Letter Match
. 00
. 28 a
. 17 a
Word Naming .24°
. 45c
. 12
Pseudoword Naming
. 23c
. 52 c
. 14
Category Match .06
•
<ji
o0 .02
Syntactic
Analysis
. 12
. 7 lc .07
Sentence
Comprehension
a . . . . ^ .
. 14 a •
1
o0
. 27b
fj = F test significant at the conventional p < .05 level.D = F test marginally significant using a Bonferroni
family-wise error rate. c = F test significant at the 5%
level using a Bonferroni family-wise error rate.
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Table 14
Results of a Regression Analysis using Computer Taskc; ^
criterion Variables and Reading SVT as Predictor for GradP
Dependent
Variable
Independent
Variable
R2 Statistical
Value
Simple RT Reading SVT
. 1683 F = 4.86, p < .05
Posner Letter
Match
. 1093 F = 2.95, p > .05
Word Naming
. 3037 F = 8.73, p < .01
Pseudoword
Naming
.3899 F = 12.78, p < .01
Category
Match .2042 F = 6.16, p < .05
Syntactic
Analy .3801 F = 14.71, p < .01
Sentence
Comp .3720 F = 14.22, p < .01
Note: Results based on a minimum pairwise N of 22.
Table 15
°f
u
a Reyession Analysis using Computer Task. ^gritenon Variables and Reading SVT as Predictor fnr
Dependent Independent R2 Statistical
Variable Variable valup
Simple RT Reading SVT
. 0035 F = .122, p > .05
Posner Letter
Match
. 0428 F = 1.52, p > . 05
Word Naming
.2324 F = 10.29 rHO.Va
Pseudoword
Naming
. 1289 F = 5.03, ino•VQl
Category
Match
.0747 F = 2.74, to V • o U1
Syntactic
Analy
.0930 F = 3.48, E > . 05
Sentence
Comp
. 1525 F = 6.11, E < .05
Note: Results based on a minimum pairwise N of 32.
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CHAPTER IV
DISCUSSION
Reliability and Validity of the System for thg
Assessment of Reading Competencies
The two most important qualities of an assessment
instrument are reliability and validity. The goal of the
present study was to gather information regarding the
reliability and validity of the System for the Assessment
of Reading Competencies as a measure of reading ability.
Reliability
The first component of the assessment system is the
administration of Sentence Verification Technique tests of
listening and reading comprehension. The SVT has been
demonstrated to be a reliable and valid technique for the
assessment of comprehension in both modalities (Royer,
1986) . The SVT tests developed for the present study had
reliability indices ranged from adequate to excellent.
These results were encouraging given that the examinees
were relatively homogeneous in their reading comprehension
skills.
The computer battery measures were also subjected to
two different methods of estimating their reliability.
First, standard errors of the item means were determined.
These proved to be quite small. For example, a standard
error of 14 msec, for the simple reaction time task is
relatively small considering the response times average 738
msec. This low variability in means across items suggests
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that mean response times are reflecting subjects'
performance on each task rather than just item variability.
These numbers may be somewhat misleading, however, as
they are averages for items over subjects. in other words,
two items may show very different patterns of performance
subjects but have the same mean over
subjects. Therefore, an additional estimate of reliability
was obtained. An estimate of the proportion of variance
due to subjects was used as an estimate of reliability.
These estimates were quite high (mean of .94).
Both these methods of estimating the reliability of
the computer tasks suggest that they were reliable and,
therefore, stable estimates of subjects' response times to
these particular tasks. The reliability of these tasks is
extremely important if subjects' performance on these tasks
is be used diagnostically. It is critical that an accurate
estimate of a subject's skills be obtained in order to make
diagnostic decisions.
Validity
In addition to being reliable, the system must prove
to be a valid measure of reading competence if it is to be
useful diagnostically. The process of establishing whether
an instrument is valid for a particular use is one that
involves collecting a large body of relevant evidence.
This is a process that involves administering the
instrument to a large number of subjects, in a variety of
circumstances, over a period of time. An instrument cannot
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be established as valid with one study. The purpose of the
present study was to provide initial evidence that would
bear on the validity of the System for the Assessment of
Reading Competencies. The nature of the evidence that
would lend support to the establishment of the system as a
valid measure of reading competence is an indication that
the system can successfully discriminate between readers of
differing ability.
In the present study, this was established in two
ways. First, it was demonstrated that the system
discriminates between grade levels. Children in higher
grades have more reading competence than children in lower
grades and this was evidenced in increased speed of
performance on the tasks over grades. Second, it was also
demonstrated that the system discriminates between ability
groups within a grade level. Children within a grade vary
in their reading competence and the assessment system
showed it is sensitive to these ability differences.
Performance on the SVT Tests . The results showed that
performance on the SVT tests was high with the average
percent correct being just under 85% for all grade levels.
Usual performance on SVT tests at grade level can be
expected to be about 75% correct (Royer et al., 1989).
This varies with the ability levels of the population being
tested. For example, performance on tests using many of
the same passages that were used in the present study in an
suburban school in Massachusetts was much lower. The
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average listening performance was 71% correct and the
average reading performance was 70% correct (Royer & Carlo,
1989)
.
The relatively high performance of the students in the
present study had several implications. First, it may
explain why performance did not vary systematically with
the difficulty of the passages. This may be because even
the passages that were above grade level were not
particularly difficult for these subjects.
Second, and more importantly for the present study,
these high scores may have implications for the performance
of subjects on the computer battery. Performance of this
level indicates that the subjects in the present study
were, on the average, competent readers. This is important
to note because those analyses that show that the computer
battery discriminates between readers of different ability
levels are based on groups of subjects that are not
extremely different. Therefore, when the system is making
a discrimination between ability groups, it is making a
fine-grained discrimination between skilled and less-
skilled readers rather than a gross discrimination between
extreme groups.
Performance on the Computer Battery by Grade . As
noted above, performance of the computer battery was
examined by grade. The results showed that response times
on each of the computer tasks varied systematically with
grade. As was expected, older children showed faster
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response times on all tasks. These differences were
consistent across all tasks.
Response accuracies on most of the computer tasks did
not tend to vary with grade. However, response accuracies
were at ceiling for most tasks. Word and pseudoword naming
accuracies did vary with grade level. This difference is
attributable to the less accurate performance of the grade
2 students. The performance of the three other grades was
roughly equivalent on average for words (97% correct) and
the scores were similar for pseudowords (85%, 83%, and 86%
correct for grades 3, 4, and 5, respectively). Recall that
the difficulty level of the words ranged from roughly grade
2 to grade 5 difficulty. Pseudowords were developed from
words of these same difficulty levels. This resulted in
the stimulus sets being most challenging for the second
grade subjects. The same stimulus set was administered to
each subject to allow for comparisons of performance. If,
however, stimulus sets were varied in difficulty according
to the grade level of the subject, less of a ceiling effect
would be expected.
The idea that more information about performance would
be afforded by varying the level of difficulty of the
stimulus sets is supported by the patterns of performance
on the stimuli of different difficulty levels in the word
and pseudoword naming tasks. Both response time and
response accuracy varied significantly with the difficulty
of the stimulus sets for both word and pseudoword naming
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for each grade examined. (Conclusions regarding the
utility of speeded versus accuracy measures are discussed
in a later section.)
Performance on the Computer Battery by Ahi~m-y
Performance on the computer battery also varied with
reading ability. Two different estimates of reading
akility were obtained: reading book level and relative
listening and reading performance on the SVT.
The response times by reading book level showed that,
performance did not necessarily vary as a function of
reading book level on the simple reaction time task and the
Posner letter match task. For all grades, those subjects
reading at lower book levels took longer to name words and
pseudowords (although this difference failed to reach
significance for the grade 4 subjects) . There were
differences in performance by ability groups on the three
upper level tasks at every grade level, although the only
tasks to show consistently significant differences for each
grade level subjected to a significance test was the
sentence comprehension task.
The expected pattern of performance on tasks by
ability groups was seen at every grade level. That is,
there were consistent differences between ability groups
with those subjects in higher ability groups showing faster
performance on tasks from the word level up to the sentence
level. However, these differences were not always
significant. The failure of these difference to reach
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significance may be attributable to the relatively small
number of subjects in each of the three ability groups at
each grade level. Also, it may be that differences between
groups in the population tested may be quite subtle. As
evidenced by the SVT performance, subjects in the present
study were fairly competent readers and may not be
extremely different in reading skill. While there are
differences between ability groups that are evident in the
mean performances, these differences were not large enough
to be statistically significant with the number of subjects
in each reading group.
Another factor that may contribute to the different
patterns of significant differences in performance on tasks
over grades may be that, within some grades, there may be
more marked differences between reading book groups than in
other grades. Examine the patterns of performance depicted
in Figure 6 and then note the distribution of subjects in
each of the reading book levels found in Table 8. The
pattern for grade 5 (although not subjected to a
significance test due to the small number of subjects) can
be used to illustrate this point. The differences between
reading groups in grade 5 as depicted in the figure are
quite large. It seems apparent that the difference between
two fifth grade students, one reading at a third grade
level, and one reading at an eighth grade level is quite
marked. However, the difference between two fourth grade
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students, one reading at the 4.2 level and one reading at
the 5.2 level may be much more subtle.
Accuracy of performance did not vary consistently with
reading book level. Again, performance was nearly at
ceiling on most tasks. Note, however, that when
performance is not at ceiling, as with the naming tasks,
accuracy of performance does vary with reading ability.
Performance on the computer tasks was also examined
using relative listening and reading SVT performance as an
index of ability. Relative listening and reading
performance is an index of reading ability as it provides a
means of selecting subjects who are not reading up to their
potential as indexed by their listening comprehension
skills
.
Response time performance varied as a function of
relative listening and reading comprehension performance.
Those subjects who had considerably higher listening than
reading scores showed slower response time performance on
the naming tasks, the category match task, and the sentence
tasks than those subjects whose reading performance was
superior to their listening. These differences, although
sizable, were not significant. Data were combined from
different grades to form these two groups. This creates
considerable within group variance and may be reducing the
power to test the significance of these differences.
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An examination of the relative accuracy of performance
of these two groups revealed that they did not tend to
C^^er i-n their accuracy of performance.
Conclusions Regarding Performance of Ability nrnnpc
The findings regarding the relative performance of
different ability groups and grade levels suggest that the
battery as a whole does discriminate between subjects who
differ in reading competence.
For the subjects in the present study, the differences
between ability groups were most consistently significant
on the word and pseudoword naming tasks and the sentence
comprehension task. Mean differences in performance by
ability groups were apparent on all tasks, but most
consistently apparent from the word level to the sentence
level. This suggests that differences in ability may not
always be apparent at every level of assessment. Depending
on the ability level of the subjects, these differences may
show up earlier or later in the hierarchy of tasks. With a
different population, one consisting of more extreme
groups, there may be more differences evident on the lower
level tasks. This argues for the importance of a
componential method of assessment that provides information
regarding subjects' performance on tasks at several
different levels.
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Performance of the Sysl-pm
in Terms—of Theoretical Assumptions
The data were examined in terms of several theoretical
issues concerning the basis for its development. The
results of these analyses are discussed below.
The Posner Letter Match Effect
It was expected that the Posner letter match effect
would be demonstrated with the present data. As expected,
subjects took longer to make a name match decision than a
physical match decision. This effect was demonstrated at
every grade subjected to a significance test. The
additional time necessary to make the name match decision
is thought to reflect the time necessary to access the
letter name code from memory.
It was also hypothesized that the difference between
the physical match and the name match conditions might be
greater for lower ability groups than higher ability
groups. While the different reading ability groups may not
show any differences in time to make a physical match
decision; lower ability groups may show slower access to
long term memory. Therefore, it was expected that there
would be an interaction of ability groups and letter match
conditions. This was not the finding. Lower ability
groups did not show significantly larger differences
between conditions than higher ability groups.
The failure to demonstrate this difference between
ability groups in the present study may be due to the
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nature of the subject population. As noted earlier, the
differences between ability groups are not extreme.
Typically, studies that show this effect use groups that
are very different in ability. For example, Hunt (1978)
deomonstrated this effect using an extreme group design
with college-age subjects. It may be that extreme groups
are needed to demonstrate this effect.
Difference in Word and Pseudoword Naming Times for Readers
of Different Abilities
For subjects in all grades, pseudowords took longer to
name than words. This is probably attributable to the fact
that pseudowords must be recoded to be pronounced while
some proportion of words can be accessed automatically and
therefore do not require the additional processing time
necessary for recoding.
It was also expected that there may be a greater
difference between word and pseudoword naming times for
lower reading ability subjects than higher ability
subjects. Whereas lower ability subjects may have many of
the same words in their sight vocabulary as higher ability
subjects, they may have poorer word attack skills. Thus
they may show a greater difference in naming time between
the two conditions.
The grade 3 data showed the expected pattern of
results. Of the three reading book levels, those subjects
in the lowest group showed the largest difference between
their word and pseudoword naming times. The next largest
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difference was exhibited for subjects in the middle reading
book group, and the smallest difference was for subjects in
the highest reading book group.
While not significant, the grade 2 and 4 data was
somewhat consistent with this pattern. The highest reading
book group showed a smaller difference between their word
and pseudoword naming times than the lowest ability group.
It is possible that the differences between ability groups
was insufficient to detect the expected interaction.
Relationship of the Computer Tasks to Listening and Reading
Ability
As the computer battery was constructed in an effort
to assess component reading skills, it was expected that
the computer battery measures should relate more strongly
to reading ability than listening ability. The pattern of
correlations between reading book level, and performance on
the listening and reading SVT scores, and performance on
the computer tasks for each grade showed that performance
on the computer tasks related more closely to reading book
level and reading SVT scores than to listening SVT scores.
The pattern of the relationships of response time and
response accuracy to the ability measures was somewhat
different over grades. For grade 2 subjects, there was a
stronger relationship between the accuracy measures and
ability measures than between the response time measures
and the ability measures. The opposite pattern is evident
for subjects in grades 3, 4, and 5.
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It is important to note, however, that accuracy of
performance on most of the computer battery was at ceiling,
which could result in lower correlations for the upper
grades. it is interesting to note that for those subjects
who would find the stimulus material the most challenging
(the second graders) response accuracy related more
strongly to the ability measures than for those subjects
who were not as challenged by the stimulus material.
Relative Utility of Each of the Computer Tasks
A series of regression analyses was conducted in an
attempt to examine the relative utility of each task in the
assessment battery. While the purpose of the assessment
system is not to predict reading performance, these
analyses provide some information regarding the relative
information each task provides regarding reading ability.
The first point to note is that a sizable amount of
variance in reading ability is accounted for by the
assessment battery. Also note that while listening SVT
scores add virtually no additional variance to the
prediction of reading book levels for grade 2 students,
they do add additional variance accounted for in the
prediction of reading book levels for the grade 3 and 4
students. This is probably due to the fact that in
beginning readers, there is less of a relationship between
their listening and reading skills then in more experienced
readers
.
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Of the lower level tasks, only the simple reaction
time task proves to be a significant predictor of reading
ability for the grade 3 students. it is unclear why
response time to *' and + 's would be predictive of reading
ability. One possibility is that there are greater
differences between ability groups in this grade than in
the other grades. As seen with the grade level data, the
simple reaction time task does discriminate between older
and younger students. It is possible that the grade 3
subjects are more varied in ability.
For grade 2 and 3, word and pseudoword naming serve as
significant predictors of reading ability. This task
failed to significantly predict reading ability in grade 4.
It is possible that the greater prediction seen in the
earlier grades is due to the stimulus material being more
difficult for the younger subjects. It seems likely that
word and pseudoword naming would prove to be significant
predictors in the higher grades if the stimuli were
targeted to be challenging for their grade levels.
For the upper level tasks, the category match task
significantly predicts reading for grade 4, the sentence
task is a significant predictor for grade 2, and each of
the upper level tasks proves to be a significant predictor
for grade 3
.
These results show that each task has potential as a
predictor of reading ability. It may be that tasks at
different levels are more useful for prediction of reading
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ability for subjects of different ability levels. This is
consistent with the finding presented earlier regarding the
performance of different ability levels on each tasks. For
subjects of different ability levels, tasks higher or lower
in the processing hierarchy may prove to be better
predictors of reading ability. This provides further
support for the utility of a componential method of
assessment that provides information regarding performance
on tasks at several different levels.
While each task may have more or less predictive
power, each task provides information regarding performance
on that task. While each task has demonstrated some
predictive power and each provides some different
information it is reasonable to conclude that each task
serves a purpose in the assessment battery.
Relative Differences between Reading Book Level Groups over
Tasks
One question of interest was the relationship between
performance on lower level tasks to performance on higher
level tasks. It was hypothesized that less-skilled readers
may have nonautomated lower level skills that may
contribute to increasing differences in performance between
skilled and less-skilled readers as the tasks tap higher
level processing skills.
This was examined in two ways. First the proportion
of variance accounted for in performance on each task by
differences in ability groups was determined. If deficits
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in lower level skills contribute to greater deficits in
higher level skills, then more variance in performance
should be accounted for by differences in ability groups on
higher level tasks than on lower level tasks. The results
showed that differences in ability groups account for a
substantial proportion of variance in word and pseudoword
naming at each grade level examined. Grade 3 shows the
expected pattern of results, with an increasing proportion
of variance in performance accounted for by ability for
each task. Across the three grades, ability differences
account for the highest proportion of variance in naming
time for grade 2
,
but for grades 3 and 4 the highest
proportion of variance accounted for by ability differences
is in sentence comprehension.
This may indicate a developmental trend, such that
these increasing deficits in performance on upper level
tasks become more evident in the higher grades. This may be
attributable to increasing differences between ability
groups developmentally . In other words, differences
between ability groups may become more exaggerated
developmentally. For example, a difference of two reading
book levels may not be comparable at every grade. The
difference in ability between two fourth grade students,
one reading at a 3.1 level and one reading at 5.1 level may
be more dramatic than the difference between two third
grade students, one reading at a 2.1 level and one reading
at a 4.1 level. In other words, deficits in performance
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may compound a child's reading problems as the materials
get more challenging in the upper level grades. This is
consistent with Curtis' findings reviewed earlier that
showed the relative importance of different processing
components changes developmentally (Curtis, 1980). She
showed that the proportion of variance in reading ability
accounted for by lower level tasks tended to decrease with
increasing grade level.
This issue of the effect of ability on performance
across the hierarchy of tasks was further examined using a
regression analysis where reading SVT scores served as the
predictor variable and each of the tasks served as
criterion variables. The results of these analyses are
consistent with the patterns obtained from the other
analyses
.
As with the other analyses, in the grade 3 data,
reading SVT accounts for a substantial proportion of
variance in each task, while in grade 4, reading SVT
accounts for a significant proportion of variance in the
naming tasks and the sentence comprehension task.
These results do not show a steady increase in the
difference between ability groups on increasingly complex
tasks. However, the relationship between ability and task
complexity may be much more complex. This relationship may
change depending on the ability level and grade level of
the subjects. For example, there could be a pattern of
performance that showed relatively small differences in
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performance between ability groups on lower level tasks, a
large difference on the word level tasks, and less of a
difference on the upper level tasks. This pattern of data
would be possible for beginning readers if the stimulus
materials were sufficiently difficult to challenge the
readers. If the differences between ability groups
in the present study had been more extreme, a different
pattern of performance for the groups over tasks may have
been evident.
Comparison of the Utility of Measures of Accuracy of
Performance versus Measures of Speed of Performance
A central theme in the development of this assessment
instrument is that measures of speed of performance are
important indices of ability and, in some cases, may
provide more information than accuracy measures alone.
As can be seen in all the analyses examining the
relative performance of ability groups on the computer
tasks, measures of speed of performance were consistently
more informative than measures of accuracy of performance.
That is, the response time measures tended to discriminate
between ability groups even when accuracy measures did not.
Accuracy of performance did tend to distinguish
between ability groups for the grade 2 students. In fact,
the pattern of correlations of performance on the computer
battery and the ability measures indicated a stronger
relationship between accuracy measures and ability than
between speeded measures and ability for this group. On
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average
,
the stimuli used across all tasks was at about a
grade 3 reading level. Therefore, the materials were
challenging for the second graders. it seems evident that
the greatest amount of information can be gained from
accuracy of performance when the stimulus material proves
to be a bit difficult for the subjects. This is an
important point, because it suggests that accuracy of
performance may be especially informative for lower ability
readers.
In the higher grades, where accuracy of performance on
tasks was at ceiling, there was little discrimination
between ability groups. However, even when accuracy of
performance was at ceiling, measures of response time still
discriminated between ability groups.
In general, the data show that response time measures
provide additional information not obtained with the
collection of measures of accuracy of performance alone.
This point has important implications for the diagnostic
potential of an instrument the uses both measures of speed
and accuracy.
The task that showed the most variation in performance
across ability groups in every grade was the pseudoword
naming task. It seem likely that this is a challenging
task, even for fluent readers. This suggests that the more
difficult the task, the more potential there is for
accuracy of performance on that task to provide information
regarding reading ability.
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It would appear that the most information can be
gained by obtaining measures of both speed and accuracy of
performance on tasks that vary in difficulty. The
information to be gained from accuracy measures would be
optimal with material targeted around the grade level of
the examinee but varying in difficulty.
The need for an optimal level of difficulty of
materials to obtain the most information about ability
provides a good argument for computer adaptive testing. in
adaptive testing, a few test items are presented and then
immediately scored by the computer. Based on this sample
of performance, a difficulty level for the rest of the test
session is determined. Performance can be recomputed at
some later time and adjustments in the difficulty level can
be made.
The System for the Assessment of Reading Competencies
is a perfect candidate for adaptive testing. SVT tests
could be administered on the computer, scored immediately,
and a difficulty level of the stimulus material for the
computer battery could be determined. After a few sets of
items are administered in any one task, measures of both
speed and accuracy of performance can be examined by the
computer, and adjustments to the level of difficulty could
be made. In this manner, the optimal amount of information
regarding the skills of any one examinee could be obtained.
This would lend the system much greater descriptive and
diagnostic potential.
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Conclusions Regarding the Validity of t-hP system for the
Assessment of Reading Competencies
The results of the present study do indicate that the
assessment battery is sensitive to differences in reading
ability. These findings lend support to the validity of
the System for the Assessment of Reading Competencies as a
measure of reading abilities. As noted earlier, the
process of establishing the validity of an instrument
requires much research regarding the performance of the
instrument in various circumstances with a variety of
subjects. In the present study, not all differences
between subjects of different abilities were significant.
It will be necessary to establish that the differences seen
in the present study reflect real differences between
ability groups before strong conclusions regarding the
validity of the instrument can be drawn.
However, given the population in the present study
(fairly competent readers from an excellent school system)
it is quite encouraging that difference between ability
groups were consistently evident.
There is one very important question that remains to
be addressed. That is, if the system proves to be a
reliable and valid assessment of reading skills, will it
also prove to be diagnostic?
Anecdotal evidence from conversations with teachers
regarding the performance of their students on the battery
suggests that it may. Teachers were shown the performance
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of each of their students on the SVT tests and each of the
computer tasks. They made comments concerning their
students' performance that suggested that they felt that
the patterns of data reflected what they knew about their
students' strength and weaknesses. For example, seeing a
low listening test score and good computer task scores for
a particular student, teachers made comments such as: "Oh,
that's just like Bobby. He's very distracted in a group
situation, so I'm not surprised that he did poorly on the
listening test. But, when he settles down to work alone he
does OK." Or when seeing slow response times for a
particular student, the teacher may have commented, "I'm
not surprised to see how slowly Susan did these tests, she
always takes so long to do her work."
While teacher's impressions of particular student's
performances on the battery remain to be empirically
investigated, these comments do suggest that the system may
provide information consistent with experienced teacher
impressions of students skills. If this is the case, the
system would be especially useful in testing a new,
incoming student that teachers are not familiar with to
provide information that could aid the teacher in making
decisions regarding reading book level, or placement in
reading groups. The system may also prove to be useful
with testing a student that teachers are perplexed about
his or her deficit performance. The method of assessment
alone, individual one-on-one with the computer, may be a
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better way to get information regarding a certain student's
skills than a group testing situation.
Whether this information will prove to be diagnostic
remains to be determined empirically as well. However, the
research on the performance of subjects on component
reading skills, that formed the theoretical basis for the
development of the system suggests that it will. As was
noted earlier, Schwartz (1980) has argued that componential
assessment is more diagnostic because it can identify
specific deficits such as a decoding problem, apart from
general comprehension difficulties. Further, a
componential assessment system that collects response time
measures in addition to measures of response accuracy
provides a more thorough assessment of a reader's skills at
a number of levels of processing.
Future Research
The next step in the current research would be to
continue to collect information regarding the validity of
the assessment instrument. It is important to establish
the trends seen in these data with subjects of greater
differences in ability. This would provide a better test
of some of the hypotheses regarding performance that were
not clearly supported in the present study.
Also, an important aspect of the process of
establishing the validity of the system as an assessment
instrument will be to examine how performance on the
assessment battery relates to many other measures of
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reading ability. Student performance on the assessment
battery should be compared with teacher ratings of
student's abilities and with standardized reading test
scores. in fact, comparisons to many different criterion
variables would be a necessary component of the validation
of the system as an assessment instrument.
In addition, the battery will be administered to the
same subjects next year to see whether the system can
measure gains in performance. Also, this will provide
greater information regarding the developmental trends seen
in the present study.
A very important goal for future research on this
assessment system as a diagnostic instrument, is the
development of a system of remediation. As noted earlier,
there is a general lack of correspondence between
diagnostic assessment and remediation. The goal would be
to build a computer-based remedial system that would serve
as part of a complete diagnostic assessment and remedial
package. The system would start with the administration of
computer-based listening and reading SVT tests. The
computer would use SVT performance to select stimulus
material of an appropriate difficulty level for the
examinee. Measures of both speed and accuracy would be
included. The computer would use information regarding
norms of performance on each tasks (collected from
administration of the tasks to large numbers of subjects of
varying grade levels and abilities) to pinpoint areas of
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weakness. The examinee could then be routed to a computer-
assisted instruction routine designed to improve the speed
and accuracy of skills in the targeted area. The whole
cycle; test, train, and retest could be repeated in a
number of sessions over a period of days or weeks. The
computer could also provide records of students'
performance to teachers.
Finally, other tasks need to be investigated for their
possible contribution to the assessment battery. Only a
limited number of the possible points in the processing
hierarchy are assessed in the present battery. It may be
that assessment of such processes as awareness of
orthographic regularity or syllabification could add
important diagnostic potential to the assessment battery.
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Appendix A
Sample Sentence Verification Technique Test
Grade 3 Listening Test
II
Mr. Oda's New Goat
Sumi threw off her shoes at the door and ran into thehouse. "Mama!" she shouted, "Guess what has come to Mr.Oda's house." Mr. Oda was their ninety-nine-year-old
neighbor and one of Sumi's best friends. Mother knew thatSumi couldn't wait to tell, so she said, "I can't guess."
"Mr. Oda got a new goat and she will give him fresh
milk every day," Sumi said quickly. "The goat came here on
a truck and her name is Miki".
One day, Mr. Oda gave Sumi a glass of fresh goat milk
that was still warm. Sumi liked milk, but she had never
tasted goat's milk before. She held her breath and took a
sip. "Ugh!" she said before she could stop herself. She
couldn't drink another drop, even if it had come from Mr.
Oda's goat. But, it would be something new to tell the
class the next day.
5. Mr. Oda was their ninety-nine-year-old neighbor and
one of Sumi's best friends.
6. When Sumi returned to Mr. Oda's house, she found him
in his yard admiring his pet.
7. She wasn't at all sure that she liked Mr. Oda's new
pet.
8. "The goat's name is Miki and she rode here in a
truck"
.
9. Mr. Oda threw off his shoes at the door and ran into
the house.
10. Sumi yelled, "Mama! Try to guess what just arrived at
Mr. Oda's house."
11. Mother knew that Sumi couldn't wait to tell, so she
said, "I can't guess."
12. "Mr. Oda got a new cow and she will give him fresh
milk every day," Sumi said quickly.
13. Sumi could not drink any more goat's milk, even if it
was from Mr. Oda's goat.
14. Sumi gave Miki a red hat to keep her head warm.
15. But, tomorrow, Sumi would be able to share the news
with the class.
16. "Ugh!" she said before she could stop herself.
17. One day, Mr. Oda gave Sumi a glass of fresh goat milk
that was still warm.
18. Miki might be a fine goat, but she didn't smell very
nice.
19. Sumi liked cheese, but she had never tasted goat's
cheese before.
20. She held her breath and looked away.
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IllA Boy Dreams of Being a Fisherman
Benny was a boy who lived in Alaska. He did not haveparents, but he had many friends in his mission home. Themission was a place for children who had no parents. Bennywas happy in the mission home. Now and then he would layawake at night. He would wish for the day when he would be
a fine fisherman.
One lucky day, a kind fisherman took Benny fishingBenny caught a big silver salmon all by himself. it was sobig that there was enough for all his friends to eat for
supper.
Benny was so happy he could hardly sleep that night.
He lay awake looking at the stars. He dreamed of owning
his own boat one day so he could be a fisherman.
21. He had no parents, and he had no friends in the
mission home.
22. He would stay awake some nights.
23. Benny was a boy who lived in Arizona.
24. Benny's friends did not enjoy fishing as much as
Benny
.
25. He wished for the time when he would be a very good
fisherman.
26. Benny shared a room with two other boys at the mission
home.
27. Benny was happy in the mission home.
28. The mission was a place for children who had no
parents
.
29. Benny wanted to learn how to fish with a net.
30. He dreamed of owning his own boat one day so he could
be a fisherman.
31. He was able to catch a large silver salmon.
32. One lucky day, a grumpy fisherman took Benny fishing.
33. Benny was so scared could hardly sleep that night.
34. He lay awake looking at the stars.
35. The fish was so large that all his friends were able
to eat some for dinner.
36. The children ate together in a big dining room.
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Janet Braves a Snowstorm
III
..
°ne afternoon in spring, when Janet was having lunch,the sky suddenly went dark. Big flakes of snow began tofly past the window. Janet began to think of the poor sheepout on the East Hill. Suddenly Janet grabbed her coat andput on her gloves. "Come, Jake," she called to her
sheepdog, as they left the warm house.
Janet and Jake plodded through the deepening snow onthe path through the woods. The East Hill seemed a long way
off today. At last, they came to the little gate that leadto the hill. "Go seek, Jake" she said, waving her arm at
the hill. Jake ran off, while Janet waited in the shelter
of the trees by the gate. Soon the sheep began to come
toward Janet. When the last little lamb had come down off
the hill, Janet and Jake lead the sheep home through the
deep snow.
37. Janet began to think of her poor dog out on the East
Hill.
38. The wind kept tying to blow Janet and Jake back.
39. "Come, Jake," she called to her sheepdog, as they left
the warm house.
40. Janet and Jake make their way through the deep snow
covering the path into the woods.
41. One afternoon in spring, when Janet was having lunch,
the sky suddenly went dark.
42. Large snowflakes flew by the window.
43. Janet picked up a lamb and put it inside her coat.
44. Suddenly Janet grabbed her scarf and put on her hat.
45. Finally, they made it to the small gate leading to
East Hill.
46. Today, it seemed to be a long way to the East Hill.
47. "Go seek, Jake!" she said, waving her arm at the hill.
48. Jake crouched down so low, he seemd to slide under the
snow.
49. Soon Jake began to come toward Janet.
50. Jake ran off, while Janet waited in the shelter of the
trees by the barn.
51. The snow was like a thick cloud of feathers.
52. When the last little lamb had come down off the hill,
Janet and Jake lead the sheep home through the deep
snow.
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IVTry-Athlon: A Computer Game
M
^* Sports in our class was Ramos. He was so goodat sports that no one cared if he acted like king of theclass. 1 ™as surprised when being a computer whiz put meright up there with King Ramos. All of a sudden, I wasgetting a lot of attention. I enjoyed it so much that Icouldn't risk losing to Ramos at Try-Athlon. Winning was
especially important since I had invented the game.
Ramos was very good at computer games, though. He
could beat all the kids at Try-Athlon except me. The only
reason Ramos had a hard time beating me was that I tricked
him.
Try-Athlon was a three-part race. Every time Ramos
came close to winning, I would program in a surprise, and
he would loose again. After a while, though, I ran out of
new surprises and Ramos figured out how to beat me.
53. I enjoyed it so much that I couldn't risk losing to
Ramos at Try-Athlon.
54. Ramos played sports so well that people didn't mind if
he played the role of class king.
55. Then people were really paying attention to me.
56. I played Tri-Athlon for two hours every day.
57 . I was surprised when being a chess whiz put me right
up there with King Ramos.
58. My game was named after the sports event triathlon.
59. Winning was especially important since I had invented
the game.
60. The Mr. Brains in our class was Ramos.
61. After a while, though, I ran out of new surprises and
Ramos figured out how to beat me.
62 . The only reason Ramos had a hard time beating me was
that I tricked him.
63. I was better at computer games than I was at sports.
64. The game was a race with three parts.
65. Ramos always won at Try-Athlon except when he played
with me.
66. Ramos was not good at computer games, though.
67. Every time Ramos came close to winning, I would
program in a score change, and he would loose again.
68. King Ramos was really smart, too.
148
Grade 3 Reading Test-
Read the story below slowly and carefully. jj
Grasshopper and Ant
One lovely morning, Grasshopper walked outside his
house in the cornfield and saw Ant. Ant was carrying food
from the cornfield into his house. "Ant," called
Grasshopper. "Stop working so hard; come and sit with me."
"Oh no," said Ant. "I must store up food for the winter.
You should be doing that, too."
"Not I," said Grasshopper. "You are silly to work so
hard. It is such a lovely day, that I don't want to even
think about winter."
So Ant went on working, and Grasshopper went on
sitting. When winter came Ant had all the food he needed,
but Grasshopper had none.
When you have finished reading the story, turn the page and
answer the test questions. Do not turn back to the story
once you start answering the questions .
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rea<^ each of the test sentences. Mark "YES" ifthe test sentence means the same thing as a sentence in thestory. Mark "NO" if the test sentence has a different
meaning than a sentence in the story, start your answerswith number 69 on your answer sheet.
69. "Don't work so much; stop and visit with me."
70. One cold afternoon, Grasshopper walked outside hishouse in the cornfield and saw Ant.
71. Ant and Grasshopper were friends.
72. "Oh no," said Ant.
73. "Ant," called Grasshopper.
74. Ant often went for food near Grasshopper's home in the
cornfield.
75. "I must store up food for the summer.
76. Ant was moving food out of the cornfield and into his
home.
77. When summer came Ant had all the food he needed, but
Grasshopper had none.
78. "You are smart to work so hard."
79. Ant had to work hard to move the corn.
80. "It is such a lovely day, that I don't want to even
think about winter."
81. Ant did not stop working, and Grasshopper did not stop
sitting.
82. "You also need to store up food."
83. "Not I," said Grasshopper.
84. Grasshopper also needed food for his family.
When you have finished the questions, turn the page and
read the next story.
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Read the story below slowly and carefully. Ill
A Baby Moose in the Marsh
It was May. The morning sun shone brightly, and the
air smelled sweet. Hidden in the tall marsh grasses, a
wild goose sat on a nest of eggs. Close by, a gander stood
guard, his long neck held high.
At the edge of the marsh, a moose lifted her head out
of the water. Long ribbons of water weeds hung down from
her ears. The big moose came out of the water. Close
behind was her little calf, Moose Baby.
Moose Baby had big feet and a big head, and he was
clumsy. When he ran, his long legs got in his way, and he
would trip and fall.
His reddish fur coat was much lighter than his
mother's, and he did not have a hump on his shoulders, like
his mother. When he was older, he would grow one.
When you have finished reading the story, turn the page and
answer the test questions. Do not turn back to the story
once you start answering the questions .
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reac* each of the test sentences. Mark "YES" ifthe test sentence means the same thing as a sentence in theStory. Mark
-NO- if the test sentencl has a different
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sentence in the story, start your answersw u ber 85 on your answer sheet.
85. As the days passed. Moose Baby's fur coat grew darker.
86. The morning sun shone brightly, and the air smelled
sweet
.
87. It was June.
88. Moose Baby's mother came running.
89. A gander stood watch near by, holding his long neck up
high.
90. Long strings of weeds from the water were hanging from
her ears.
91. Hidden by the long grass in the marsh, a wild goose
was sitting on her eggs in a nest.
92. At the edge of the marsh, a goose lifted her head out
of the water.
93. Moose Baby had big feet and a big head, and he was
clumsy.
94. When he grew up he would grow a hump.
95. When he ran, his long legs got in his way, and he
would trip and fall.
96. Every day the mother moose took her calf for a swim.
97. Close behind was her little calf, Moose Baby.
98. The days grew colder, and winter was on its way.
99. The big moose came out of the woods.
100. His reddish fur coat was much lighter than his
mother's, but he had a hump on his shoulders, just
like his mother.
When you have finished the questions, turn the page and
read the next story.
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Read the story below slowly and carefully. Ill
Owney the Traveling Dog
One bright day in June, Owney come home ready for a
nap. Owney lived in the Albany post office and slept on an
empty mail sack in the corner. When he looked for his bed,
he discovered it was missing. One of the postal workers
said, "Sorry Owney, we had to use your mailbag. Owney
didn't understand but he stopped and stared at the mailbags
loaded on the wagon. Then he leaped onto the wagon. He
found his mailbag and settled down for a nap.
Owney slept until the wagon reached the train station.
No one noticed Owney when he jumped onto the train. Then
something whistled, and the train began to move. Owney sat
up, pleasantly surprised that he was going on another ride.
Owney rode the train all the way to Buffalo, and then back
atop the load of incoming mail sacks.
When you have finished reading the story, turn the page and
answer the test questions. Do not turn back to the story
once you start answering the questions .
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Carefully read each of the test sentences. Mark "YES" ifthe test sentence means the same thing as a sentence in thestory. Mark "NO" if the test sentence has a different
meaning than a sentence in the story. Start your answers
with number 101 on your answer sheet.
101. Owney lived in the Albany train station, and slept on
an empty mail sack in the corner.
102. One of the postal workers said, "Sorry Owney, we had
to use your mailbag."
103. Owney didn't know what was said, but he stood there
and saw the mail sacks piled in the wagon.
104. His tail wagged faster and faster with excitement.
105. When Owney searched for his bed, he found it was gone.
106. Then he leaped onto the wagon.
107. So the pup stayed on in the post office.
108. One bright day in June, Owney come home ready for a
meal
.
109. Owney rode the wagon all the way to Buffalo, and then
back atop the load of incoming mail sacks.
110. Then something whistled, and the wagon began to move.
111. Late that night, the train stopped, and the men began
unloading the mailbags.
112. Then Owney discovered his mail sack and got ready to
sleep.
113. The little dog had a gleam in his bright black eyes.
114. Owney slept until the wagon reached the train station.
115. Owney sat up, afraid that he was going on another
ride.
116. Nobody saw Owney as he leaped up into the train.
When you have finished the questions, turn the page and
read the next story.
154
Read the story below slowly and carefully. IV
Mini: A Lost Whale Shark
Mini was a young whale shark — the largest kind of
fish in the world. Most of the time she swam guietly in
the open sea. Now she was upset by her strange
surroundings
.
Mini had swum into the bay of a South Seas island.
High tides had swept her over a coral reef in the bay. Now
she was lost in a maze of channels, with walls of coral all
around.
All of a sudden, Mini saw an opening in the coral reef
ahead. She squeezed her big body through it, but it did
not lead back to the bay. Instead, it opened into a small
saltwater pond next to the island.
Mini stayed there for over a year. Then, one day, she
found a hole in the reef that lead to the ocean. She could
finally take the path to freedom.
When you have finished reading the story, turn the page and
answer the test questions. Do not turn back to the story
once you start answering the questions .
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Carefully read each of the test sentences. Mark "YES" ifthe test sentence means the same thing as a sentence in the
story. Mark "NO" if the test sentence has a different
meaning than a sentence in the story. Start your answers
with number 117 on your answer sheet.
117. Now she was lost in a maze of channels, with walls of
seaweed all around.
118. Now she was upset by her strange surroundings.
119. She had been carried over the coral reef in the bay by
the high tides.
120. Mini was only half grown when she got lost.
121. Mini had swum into the bay of a South Seas island.
122. The island people saw Mini swimming back and forth in
the narrow pond.
123. Mini was an old whale shark — the largest kind of
fish in the world.
124. Usually, she calmly swam in the open ocean.
125. One day, Mini found an opening in the reef leading to
the sea.
126. She was too frightened to find her way back through
the reef.
127. She could finally take the path to the pond.
128. Instead, it opened into a small saltwater pond next to
the island.
129. Mini stayed there for over a month.
130. She squeezed her big body through it, but it did not
lead back to the bay.
131. Pale colored dots covered her gray-brown body.
132. And then, Mini spotted a hole in the coral reef in
front of her.
You have now finished the test. Raise your hand and
someone will pick up your test.
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Appendix B
Stimuli for the Computer Tasks
Posner Letter Match Task
cal Match Name Match Different
AA Aa AB Ab
bb Bb ba Gj
DD Dd DE Hj
ee Ee de Jm
ff Ff FG MB
GG Gg Gh Nr
hh Hh Hr EP
JJ Jj rj Rh
MM Mm MP Np
nn Nn pn JB
PP Pp Pm Rg
rr Rr Br Fn
Naming Task
Practice Trials
Words Pseudowords
saw dep
let lan
box sut
use mon
too nad
way ser
run nop
say bap
see lat
big vay
red bep
far fen
eat gan
end nas
men dit
got noy
why nug
may rem
ran pip
own lew
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Difficulty 1
Pseudowords
you
xroc uu uiUb
baw
are ret
but bex
one nak
had foo
her tay
old dun
any seg
cat dee
day lig
out ved
two nar
man eap
was und
did med
boy gep
our tut
she pob
put san
new teg
Difficulty 2
show shob
goes poes
jump fump
help tist
fast nast
cold pold
does tade
face nace
coat soat
gave gake
hold hild
full foil
sing mest
warm hirm
ride rute
grow grot
stop stip
fall nail
wash nash
walk malk
Difficulty 3
Words Pseudowords
table nabel
story shory
horse norse
cover covem
learn hearn
front frint
paper daper
bread glope
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voice
visit
chair
shoes
price
watch
party
fight
built
ready
begin
catch
Difficutv 4
Words
keeper
banner
carton
defeat
effort
forbid
hourly
dinner
border
manage
paddle
remain
shaggy
tender
thrill
weight
symbol
tickle
ensure
fought
Category Match Task
Practice Stimuli
boice
pisit
shair
thope
prote
tisel
sarty
bight
flide
meady
segin
natch
Pseudowords
neeper
danner
larton
dereat
epport
sorbid
nourly
tinner
gorder
nanage
maddle
rebain
thaggy
dender
strill
feight
lymbol
mickle
enture
1ought
Category Labels: TOYS, TOOLS, and VEGETABLES.
ball doll
saw hammer
carrot pea
nail drill
kite bean
pliers corn
crayon beet
marbles wrench
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Trials
Category Labels: FURNITURE, CLOTHES, VEHICLES
ANIMALS, FRUITS, and BODY PARTS.
car truck
bus train
boat ship
chair stool
bed table
shirt coat
suit pants
ear eye
arm leg
nose mouth
orange apple
pear peach
dog cat
horse cow
tiger monkey
jet lion
plane bear
jeep hand
desk hat
lamp foot
sofa plum
socks ear
skirt mouse
face dress
head cherry
banana seat
grapes duck
melon couch
bird bench
fish jacket
Syntactic Analysis Task
Practice Trials
The boy picked/pick up the book.
Winnie and Alex ran/run down the street.
Put your toys away/away toys.
This book is mine/my.
I like going to/at the store.
Trials
This is John's/mine bike.
The bird sat/sit in the tree.
These two flowers are/ is mine.
Carlo and Maria left/leave for home.
Vanessa started to raise/raised her hand.
You have made me/ I very happy.
160
She ate three slices of/at cheese.
Jill went to the store/store the.
Mary was/were writing a letter.
They are going on/before a trip.
The boys were/was playing football.
Can I read your book/book your?
I always walk to/of school.
She wrote him every day/day every.
Three horses are/is running in the field.
The bus drives us to/at school.
She had been standing/stand there all day.
The girls were both happy/happy both.
My brother leaves his/her toys everywhere.
Why can't I/me stay up late tonight?
Sentence Comprehension Task
Practice Trials
I petted the cat's fur/claws.
The girl flew her kite/horn.
I like to climb trees/grass.
I spilled my drink/pizza.
The snow felt cold/white.
Trials
The boy drank/ate his milk.
Fall is a good season/day for colored leaves.
Sally was sleepy/happy, so she went to bed.
John smoked the cigar/fire.
Susan rode the piano/bike.
The school bell rang/blew.
The farmer planted/played the corn.
The man sat at the desk/clock.
John read the book/movie.
I heard the dog bark/bite.
The bird used twigs/eggs to build her nest.
I went to the hospital/store to see my doctor.
I felt the bee sting/buzz.
I heard the lion/cow roar.
I wore my hat/watch because it was cold.
The cat caught the mouse/trap.
We fished in the river/bridge.
We raked/worked the leaves.
We used wood/water to build a fire.
We sailed the toy boat/train.
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Appendix C
Tables of Regression Results
Table C-16
Results of Regression Analvses using Reading Book a$
Criterion Variable and Computer Tasks as Predictors for-
Grade 2
Dependent
Variable
Independent
Variable
R2 Statistical
Value
Reading
Book Simple RT .00008 F = .0025, p > .05
Posner Letter
Match .00001 F = .0002, p > .05
Word Naming .3628 F = 16.52, p < .001
Pseudoword
Naming .0320 F = 1.48, p > .05
Category
Match .025 F = 1.14, p > .05
Syntactic
Analy .0055 F = .241, p> .05
Sentence
Comp . 1469 F = 8.25, p< .01
Note: Results based on a minimum pairwise N of 32.
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Table C-17
Results of Regression Analyses using Reading Book SISCriterion Variable and Listenina SVT and Comouter Task? a c;
Predictors for Grade 2
Dependent
Variable
Independent
Variable
R2 Statistical
Value
Reading
Book Listening
SVT
. 0405 F = 1.14, p > .05
Simple RT .0018 F = .049, E > • 05
Posner Letter
Match
.0040 F = .104, E > • 05
Word Naming . 3278 F = 12.56
, £ < *01
Pseudoword
Naming .0219 F = .835, E > . 05
Category
Match .0272 F = 1.04, E > . 05
Syntactic
Analy . 0056 F = .206, E > . 05
Sentence
Comp . 1451 F = 6.81, E < .05
Note: Results based on a minimum pairwise N of 29.
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Table C-18
Results of Recjression Analyses usina Readina BookCriterion Variable and Computer Tasks as Pred i rfnrc For-
Grade 3
Dependent
Variable
Independent
Variable
R2 Statistical
Value
Reading
Book Simple RT .4985 F = 19.88, p1 < .01
Posner Letter
Match
.0601 F = 2.59, p > .05
Word Naming .1742 F = 9.13, p < .01
Pseudoword
Naming .0212 F = 1.12, p > .05
Category
Match . 0721 F = 4.98, p < .05
Syntactic
Analy .0802 F = 9.43, £ = .01
Sentence
Comp .0083 F = .966, £ > .05
Note: Results based on a minimum pairwise N of 18.
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Table C-19
Results of Regression Analyses using Reading Book as
7.
ri
^
eri°n Variable and SVT Scores and Computer Tasks asPredictors for Grade 3 "
Dependent Independent R2 Statistical
Variable Variable Value
Reading
Book Listening
SVT .3132 F = 8.67, p < .01
Reading
SVT
. 1639 F = 5.64, e < -05
Simple RT .2053 F = 10.99, £ < -01
Posner Letter .0572 F = 3.51, p > .05
Match
Word Naming .0646 F = 3.96, E > • 05
Pseudoword
Naming . 0048 F = . 211
, £ > *05
Category
Match .0761 F = 6.63, E < *05
Syntactic
Analy .0448 F 5.75, E < *05
Sentence
Comp .0036 F = . 436
, E > • 05
Note: Results based on a minimum pairwise N of 18.
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Table C-20
Results of Regression Analyses using Reading SVT as
Criterion Variable and Comouter Tasks as Predictors forGrade 3
Dependent
Variable
Independent
Variable
R2 Statistical
Value
Reading
SVT Simple RT
. 1683 F = 4.86, p < . 05
Posner Letter
Match
. 0012 F = . 032
, p > . 05
Word Naming . 1624 F = 4.37, p < . 05
Pseudoword
Naming .0794 F = 2.29, p > . 05
Category
Match . 0002 F = . 005
, p > . 05
Syntactic
Analy . 0525 F = 1.47, p > . 05
Sentence
Comp .0232 F = . 632
, p > . 05
Note: Results based on a minimum pairwise N of 22.
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Table C-21
Results of Reqression Analvses usina Readina SVT asCriterion 1Variable and Listenina SVT and Comouter Tasks asPredictors for Grade 3
Dependent
Variable
Independent
Variable
R2 Statistical
Value
Reading
Book Listening
SVT .4889 F = 22.96, p < .01
Simple RT . 0116 F = .533, p > .05
Posner Letter
Match
. 0122 F = .549, p > .05
Word Naming . 1699 II VO • i-> o to A • O
Pseudoword
Naming . 0428 F = 2.49, p > .05
Category
Match .0001 F = . 008
, p > .05
Syntactic
Analy . 00009 F = . 005
, p > .05
Sentence
Comp .0021 F = . 102
, p > .05
Note: Results based on a minimum pairwise N of 22.
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Table C-22
Results of Regression Analyses using Reading Book as
Criterion Variable and Computer Tasks as Predictors for
Grade 4
Dependent
Variable
Independent
Variable
R2 Statistical
Value
Reading
Book Simple RT .0365 F = .908, p > . 05
Posner Letter
Match
. 1059 F = 2.84, p > . 05
Word Naming .0968 F = 2.80, E > . 05
Pseudoword
Naming . 0288 F = .827, £ > . 05
Category
Match . 1388 F = 4.68, E < . 05
Syntactic
Analy . 0070 F = .229, E > .,05
Sentence
Comp .0462 F = 1.54, £ > ,.05
Note: Results based on a minimum pairwise N of 26.
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Table C-23
Results of Regress ion Analyses using Reading Book as
Criterion Variable and SVT Scores and Computer Tasks as
Predictors for Grade 4
Dependent Independent R2 Statistical
Variable Variable Value
Reading
Book Listening
SVT .3840 F = 14.34, p < .01
Reading
SVT .0644 F = 2.56, p > .05
Simple RT . 0063 F = . 244
, E > *05
Posner Letter .0488 F — 1.97, e > *05
Match
Word Naming .0018 F = . 070
, E > • 05
Pseudoword
Naming .0107 F = . 399
, £ > -05
Category
Match . 0645 F — 2.61, E > • 05
Syntactic
Analy . 0007 F — . 026
, E > • 05
Sentence
Comp . 0226 F . . 855
, E > • 05
Note: Results based on a minimum pairwise N of 25.
169
Table C-24
Results of Regression Analvsps using Reading SVT as
Criterion Variable and Comouter Tasks as Predictors for*Grade 4
Dependent
Variable
Independent
Variable
R2 Statistical
Value
Reading
SVT Simple RT .0036 F = .122, p > . 05
Posner Letter
Match
. 0481 F = 1.67, p > . 05
Word Naming . 1823 F = 7.61, p < . 01
Pseudoword
Naming . 0066 F = .269, £ > . 05
Category
Match .0175 F = .706, £ > . 05
Syntactic
Analy .0006 F = . 022
, E > . 05
Sentence
Comp . 0057 F = .218, £ > ,. 05
Note: Results based on a minimum pairwise N of 26.
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Table C-25
Results of Reqression Analvses usinci Readinq SVT as
Criterion Variable and Listeninq SVT and Comnuter Tasks as
Predictors for Grade 4
Dependent Independent R2 Statistical
Variable Variable Value
Reading
SVT Listening
SVT .2978 F = 14.42, p < .01
Simple RT .0031 F = . 146
, E > • 05
Posner Letter
Match
. 0276 F = 1.31, E > -05
Word Naming .0268 F = 1.28, E > • 05
Pseudoword
Naming .0016 F = .073, £ > *05
Category
Match .0021 F = . 097
, E > • 05
Syntactic
Analy .0012 F = . 051
, E > • 05
Sentence
Comp .0005 F = . 019
, £ > • 05
Note: Results based on a minimum pairwise N of 36.
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